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1. SU2 ,AR Y

An investigation has been conducted on the effect of
r

geometric and dynamic parameters on the maneuverability of

a hybrid lighter-than-air (LTA) vehicle, notably the ratio

of longitudinal rctor spacing to overall length, and the

ratio of static-lift to gross-weight. Other parameters

considered were airsneed, angle of sideslip, and amount of

horizontal thrust.

The study was conducted on 4 variations of n different

vehicle designs forming a matrix with 36 variations in the

* geometric and dynamic parameters.

A qualitative summary of the effects of these para-

meters is shown in the chart, Fig. 1. More detailed

discussion of these separate effects is given in Section 5,

together with graphs showing the various functional

relationships.
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3.• IT1ODCTIC]1

The ability of Ljhtlr-Than-Alr-Vehicles utilizing large

fractions of rotor lift to rer'orin precision hovcrirn maneuvers

depends on the relative magnitudes of the dynamic thrust forces

and their moments, the overall moment of inertia, and the

aerodynamic hull moments. Design studies show the desirability

to keep the overall length of the vehicle to a minimum for a

given payload capability, in order to reduce surface wetted

area, structural weight, cost, and mooring space requirenents.

Iovering maneuverability is directly related to the

ratio of static to rotor lift.

The study effort herein is directed toward reduction

of weight empty and construction costs by reduction of rotor-

spacing/overall-len~th ratio, and increasing the static/rotor

lift ratio.

Calculations of the controllability for various hybrid

configurations with reduced ratio of rotor spacing to overall

length are -resented.

--8--1



•.The obe iv of th'_ invetitor wa _

Sthe effects3 on controlluý)iiltty of hybrid L2.A veh'_-irl s of

buoyancy ratlo• and !or:,-1itudi.nal rotor spacingý rallt'C, 'ýfh ae<•

two quantities are both di ensionless ratios, and henc•

a know.ileIge of their influence can be apnlied to a wide

variety of 3esign3. 1!o,..wever, consideration of other design

aspects has shown that several other design variables can

have a considerable influence, and if not held constant in

the investigation, could mask the influence of buoyancy

ratio and rotor snacinrg ratio. Indeed, these other desirn

variables have a direct bearinz on the vehicle mass distri-

bution (thus moment of inertia) and on the effectiveness of

available cntrol forces, These asnects are d' scussed below.

Size of Aerostat

Assume that a comparison is to be made between two L'TA

vehicles of the same displaced volume (e. g. 1,530,00 cu.

ft.), the same static lift (e. g. 94,00 lb.), and the same

rotor snacing ratio (e. g. rotor spacing is 5C, of overall

length) . le'tŽ', le the fineness ratios of the two vehicles

differ, so that vehicle A Is t,.,1ce as long as vehicle B, and

that both vehicles ha,-e a moment of Inertia distribution

which is a.nroximately unIform longitudinally. Then, since

--L k



moment of inertia in pitch or yaw var!es as L 2 ,,where L

is vehicle length, the ratio of moment of inertia will be

__ , - 2

'B

or1. 4

c-ntrol -. ts which can be developed are equal to the

product of the rotor thrust co-ponent about the particular

axis (ajs.n2d thu same for both vehicles) times the longi-

tudJirnal dictance froa rotor to c.g. Since vehicle A is twice

as lonj as vehicle .1, and both have the szame rotor spacing

ratio, it follows that vehicle A can develop a yawing or

nitchin:- momcnt, Y, of tvwice that of vehicle j.

r,.A 2 1.

The ratio of control effectiveness of the tvo vehicles,

is measured by angular acee!eration, 0[, which is

0(= '-
I

,A .1

-Jubstitutin; I and "'•A - 2

2 - .5

-0-
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;_.l., 1 -a ' d&ri ~Cv:?up o:e-half the angular acceleration of

':chio2 2. i-us differ-ncei in shape, alone, can mask the

ef7'fects of either b'oy:rney ratio or rotor spacing ratio.

A similar :3ituation develons if the fineness ratio

is r::,int2ThsJ, constant, for two vehicles of different

overall size, even if rotor spacing ratio and buoyancy ratio

are held corstant. Assune that vehicle C has twice the

aerostat volume, twice the static lift, and twice the dynamic

lift of v.hicle D, but the same relative shape (fineness

ratio).

The ratio of lengths, L , will be approximately

LcC= (2)

The ratio of moments of inertia, I , will be

= 2 ((2)1/3) =(25/3

C 2 (2)1/3 (2 L/3
D

The ratio of control effectiveness, or angular acceleration,

',,'ill he

C I.C4]'I' c D'(2) 4/3 ( ) 1 37

S- , - (2 -13"(2).7

D D
-11- 1



I
Because of this size effect, the investigation

deal t wilth vehicles which all have the same disolaced volu-ne

and shape.

Eallonet Air Volume

The volume of air in the aerostat ballonets, especially

when the ballonets are located in the extreme bow and stern

for effective trim control, will have a major effect on

pitch and yaw moments of inertia. For example assume two

LTA vehicles of identical shape and displaced volume

(e.g. 1,500,000 ft. 3 ), with the same rotor spacing (hence

the same rotor spacing ratio), and operating at the same static

lift/gross weight ratio (e.g. 0.5).

Suppose vehicle E is fully inflated with helium, and I
thus has a static lift of 94,000 lb. Since we have assumed

a static lift/gross weight ratio of 0.5, the gross weight

will be 188,000 lb., and the rotor lift will be 94,OOO

lb. The empty weight w1ll. probably be of the order of

65,000 lb., and the resulting useful load will be 123,000

lb. The latter will tend to be longitudinally concentrated

near the vehicle c.g. and contribute relatively little to

the overall vehicle moments of Inertia In pitch and yaw.

Now let vehicle F be only 86% inflated with helium

- with the remaining 14L of the volume consisting of air in

"forward anu aft Lallonets. This is representative of a
,I

design pressure height of 5,000 feet, where the helium

-12-
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would exnand to fill rr's ent're volume, and the ballonets

wo•Id be full- collansed. This vehicle would hav:e a

stntlc lift oC of 94,000 1b., or F0,840 lb., and a

gross weight of 11,<.'` lb., since we are hold~n, the

static lift/cross wei:gh ratio constant at 0.5. Since

the empty weight should be the same as for vehicle E,

the useful load will be 93,6.0 lb., a reduction of 26,320

lb. compared to vehicle E. The air in the ballonets

has a mass in excess of the disolaced helium (axpressed

in pounds instead of slugs) equivalent to 14% of 94,000

lb., or 13,160 lb. A comparison of vehicles E and F is

shown below:

Units Vehicle E Vehicle F Difference

Displaced Volume cu. ft. 1,500,000 1,500,000

Pressure height ft. S.L. 5,000

Air in Ballonets cu. ft. 0 210,000

Air in •allonrt3 lb. 0 13,16O 13,160

Static Lift lb. 94,000 80,840

Rotor Lift lb. 94,000 80,F40

Gross WJeight lb. 188,000 161,6.o

Emnty Veirht lb. 65,000 65,000

Useful Load lb. 123,000 96,680 -26,320

-13-
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Vehicle I' has a useful load which is 26,320 lb. loss than

Vehicle E. However, since th- useful load is more or less

concentratc'7 near the c.g., its effect on moment of inertia

is small. On the other hand, vehicle F has 13.160 lb. of

air contained in ballonets located at its extremities. This

will cause a significant increase in pitch and yaw moments

of inertia. At the same time, the rotor lift (which is

vectored for yaw control) has been reduced by 14 ,. Thus

these two vehicles, with the same size, shape, static lift/

gross weight ratio, and rotor spacing ratio, will be signif-

icantly different in controllability.

To avoid this influence, the investigation dealt

with a standardized pressure height of 5,000 feet, equivalent

to a sea level heliLLn inflation of 86/,, with 14L± of the

volume consisting of air in ballonets located at the bow

and stern.

Rotor Dia.eter

For reasons discussed above, the investigation has

dealtwith hybrid vehicles, all of which have aerostats

of the sa:.e volume, shape, and static lift It follows that

variation of the static lift/gross weight ratio must involve

"variation of gross weight, and hence rotor lift. The

- question then arises as to how best to treat the variation

of rotor thrust.

I 14
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II
the vehicles under consideration. )or ang-ular deflection

of the thrust vector a max!ýimu value of 12 degrees was

maintained, longitudinally and laterally (independently').

This value is representative of maximum longitudinal and

lateral cyclic pitch control of typical heliconter rotors.

The maximum magnitude of differential thrust was plus or

rainus 305 of the maximum steady-state value (typical for

tandem helicopters). However, the configurations with

static-lift/gross-weight ratio of .85 can be considered

representative of the configurations with a .609 ratio

when the latter are flying uiith about 50% payload. (The

smaller payload results in a smaller gross weight, w.rhich

in trrn means a larger ratio of static-lift/gross %:eisht.)

Therefore, an additiona: series of cases was calculated,

using the .eJghts and inertias of the .85 designs, but

the control forces of the .609 designs.

Horizontal Thrusters

When the hybrid LTA vehicle is operating at a relatively

low static lift/gross weight ratio, and hence a substantial

amount of rotor lift, the latter forces can be vectored for

propulsion and control about all axes (see previous paragranh).

However, when the vehicle is operating at a high static llft/

gross weight ratio (above about 0.8), and hence small values

of rotor thrust, then the force vector3 become too small to

be effective, even when vectored to largeŽ deflection angles.

A solution to this sit4aticn is to use horizontal

thrust units, such as propellers, mounted to produce thrust

-l1C-



vectors directed in a variable azimuth, but in a horizontal

plane. These units can be driven from the same nowerplants

or from their own separate powerplants. Fot' the purpose of'

this controllability study it does not matter. The vehicles

investigated were considered to be provided with thrust

means capable of producing horizontal forces in the range

- ~of' 3'V to 1005 of' main rotor maximum steady-state thrust.

The specific amount constitutes an additional variable in

the study matrix (see "Methodologyr," the next subsection

of the report).

-17-
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METHOD OF ANALYSIS (Cont'd)

Methodology

The first step required in the analytical study was

to establish a matrix of point designs covering a broad

interval of rotor spacing ratio and buoyancy ratio (static

lift to gross weight ratio). The point designs have been

selected with due consideration given to the design aspects

discussed above, and their major characteristics are listed

in the chart, Fig. 2.

The model designation code contains the most significant

feature of each design. The numeral before the "/" is the

longitudinal rotor spacing, in feet. Associated with each

of the three rotor spacings is the letter A, B, or C,

pri.aarily to aid the reader's memory. The decimal fraction

after the "/" is the ratio of static-lift to gross weight,

of which there are three. Thus Fig. 2 shows nine point

designs, in addition to the reference design, model 97-1

from Ref. 1.

Analyses were carried out for each of the nine matrix

design points, which were further subdivided with regard to

the amount of horizontal thrust assumed. Four.

constant ratios of horizontal thrust to main rotor thrust

were usedi .03. .125, .50, and 1.00, thus making 36 distinct

design points. Fig. 3 is a composite three-view drawing,

sho-ring, the assumed aerostat shape and the three different

locations of the propulsors (helicopters).

I
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N~ext, the following inertial and aerodynamic properties

were determined for each point design.

1. J.•eight breakdown, including aerostat
propulsors,interconnecting structure,
and payload, and c.g.

2. Vass, including componento of item 1,
above, plus enclosed air, helium, and
additional apparent mass.

3. Moments of inertia in pitch, roll, and
yaw, including additional apparent inertia.

4. Drag at airspeeds of 15, 25, and 35 knots,
and at sideslin angles of 0, 30, 60, and
90 degrees.

5. Aerodynamic yawing moments at airspeeds
of 15, 25, and 35 knots, aný sideslip
angles of 0, 30, 60, and 90 degrees.

S6. Control forces and moments available from
the main and auxiliary rotors.

"-21-
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At each sideslip angle and speed considered, the control

forces necessary to trim the vehicle were calculated. Finally,

maximum accelerations were calculated based on maximum control

forces available after subtracting those required for trim.

Controllability analyses were made for the following flight

conditions.

1. Acceleration in pitch and in forward translation

(independently), at zero sideslip angle,zero pitch angle,

and forward speeds of 0, 15, 25, and 35 knots.

2. Acceleration in roll, from trimmed roll attitude, at

sideways velocities (P-90 degrees) of 0, 15, 25, and
A

35 knots. Since longitudinal rotor spacing has no

effect on lateral flight at • - 90 degrees, except for

a minor effect on lateral drag, this analysis was carried

out for only one value of rotor spacing.

3. Acceleration in lateral translation, after achieving

the maximum roll attitude, at sideways velocities

(ý-90 degrees) of 0, 15, 25, and 35 knots. Again, this

was done at only one value of longitudinal rotor spacing.

4. Acceleration in yaw, from trimmed attitude, at speeds

of 0, 15, 25, and 35 knots, and at sideslip angles of

0, 30, 60 and 90 degrees. 4

In all cases, the acceleration was in the direction with least
control remaining. Thus, if the vehicle was trimmed in a

right roll (to maintain right sideslip), the least roll control

remaining was to roll further to the right. If trimmed in yaw

to maintain a sideslip angle (other than zero) at a constant
,A

2 -22-



airspeed, the least ya,.; control renaning was to reduce the

sidesl-_l, since the vehicle w,,:as unstable in yaw, tendtnr- to

yaw to a greater sideslip angle unless resisted by control

forces.

Sources of control forces and morents are sho;n in Fig. 4.

RESULTS OF ANALYSES

Longitudinal Acceleration

Fig. 5 shows maxinum longitudinal acceleration capability

plotted against static lift/gross weight ratio for zero

forward speed and 35 knots, and for the various ratios of

horizontal propulsion thrust to total rotor lift (o max/TZtotal)

The control forces for producing longitudinal acceleration

are the thrust of horizontal propulsive units (Tp ) and the X

component of rotor thrustt. Both of these parameters are inde-

pendent of longitudinal rotor snacing, which is, therefore,

not a parameter for this motion. The influence of forward

speed is quite minor, as evidenced by the small separation of

the graphs for zero and 35 Inots. The 15-knot and 25-knot

speeds would fall within this snacingv and for the sake of

clarity are not plotted. Longitudinal acceleration has an

inverse, but non-linear relationship to static-lift/gross

weight ratio. This is to be expected, since the X component

of rotor thrust is directly nroportlonal to total rotor

thrust (2), which decreases toward zero as the static
total

-23-
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lift/gross weight ratio increases toward 1.0. The amount

of horizontal thrust available has a predictably important

influence on longitudinal acceleration, although one should

note that it has been varied over a very large range (from

3X to 100" of the dynamic lift). At high values of static

lift/gross weight ratio the horizontal thrust is the

primary means for producing longitudinal acceleration.

Two points are shown in Fig. 5 , for zero and 35 knots,

for Piasecki r4odel 97-1 (from Ref. 1), which had no horizontal

thrust provisions. These points are quite consistent with

the trends of the parametric curves falling slightly below

the curves for 37horizonta1 thrust.

I
Pitching Acceleration

Pitching control moments are produced by differential

thrust variation between the forward and aft vertical thrust

units (designated &Tz), At forward speed, part of this

moment is needed to counteract the nose-up moment of the

thrust units, which in the configuration studied (see Fig. 4 )

are located substantially below the center of buoyancy and

center of gravity.

Fig, 6 shows the strong inverse relationship between

pitching acceleration capability and static lift/gross weight
ratio for all speeds and all rotor spacing ratios considered.

The reason for this is that the maximum amount of differential

thrust at each vertical thrust unit was assumed to be a

-26-



constant 30' of the basic (a,.raL;e) thru:;t, a value repre-

scntative of typical tanden helicopters. Thus for a

static lift/gro3:s eilght ratio apnroaching 1.0, the dynamic

thrust is relatively low, and so is the amount available for

differential thrust. Cn the other hand, for a static lift/

gross weight ratio approachin4; zero, the dynamic thrust is

large, and so is the differential thrust.

Although Fig. 6 indicates that the pitching acceleration

capability increases with increasing longitudinal rotor

spacing, this effect is shown more clearly on Fig. 7 , where

acceleration is plotted against rotor spacing.

The effect of longitudinal moment of inertia (I1) can

be seen in Fig. 7 • For values of static lift/gross weight

ratio approaching 1.0 (for example the 0.85 set of curves

in Fig. 7 ) most of the effective pitching moment of Jnertia

is due to the mass of the aerostat envelope, the internal

gases, and the additional apparent mass of the surrounding

air. Thus for this condition I is essentially constant,

independent of rotor spacing ratio. The curves are nearly

straight lines. For lower values of static lift/gross weight

ratio a greater part of the total Iy is due to the mass of the

thrust units, and I increases with increasing rotor spacing.

This, in turn, reduces the increase in acceleration which

would otherwise result fron the increased moment arms of

the thrust units, and the curves are strongly curved concave

-27-
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d own.

Both Figs. 6 and 7 show that the pitching accelera-

tion capability becomes smaller with increasing forward

speed. The increased drag, acting approximately at the

center of buoyancy, requires a larger amount of differential

thrust for trim, because of the low position of the thrust

units. Hence less differential thirust is available for

acceleration. The effect of speed is accentuated at high

static lift/gross weight ratios because the amount of differ-
ential thrust is smaller to begin with, and the amount

required for trim is a larger percentage of the total.

Model 97-1, also plotted on Figs. 6 and 7 , is seen

to be consistent with the trend curves within about 10".

Its pitching acceleration capability is about 10%1 higher

than the parametric point with the same rotor spacing ratio

and static lift/gross weight ratio (best seen in Fig. 6 ).

The probable reason is that this model, having a rigid aero-

stat, does not have ballonets at each end, with their mass

of air which would add a significant contribution to moment

of inertia in pitch. Thus, the Model 97-1 has a relatively

smaller moment of inertia, and a correspondingly higher

acceleration capability.

-30-
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Lateral Acceleration 1
Lateral rotor spacing was not considered as a variable

in this study. All of the matrix designs have the same I
clearance between rotors and aerostat hull, and consequently

the lateral spacing on all is nearly the same, (see Fig. 3).

Calculations for lateral controllability were based on the

76-ft. longitudinal spacing.

Fig. 8 shows lateral (or sidc'.,,ays) acceleration capa-

bility (y) plotted versus static-lift/gross-weight ratio for

laLeral velocities from zero to 35 knots. Lateral acceler-

ation has a strong inverse relationship with static-lift/

gross-weight ratio for the same reasons as does longitudinal I
acceleration, described earlier. Velocity, however, has a

much greater influence on lateral than on longitudinal

acceleration because of the much greater drag in the lateral j
direction (compare Figs. 8 and 5).

The effect of lateral velocity is shown more directly in

Fig. 9, where lateral acceleration capability is plotted

versus lateral airspeed. Model 97-1 is also shown on this

figure, and is seen to display approximately the same trend

as the matrix designs.

Roll Acceleration

Fig. 10 shows roll acceleration capability (p) plotted

versus static-lift/gross-weight ratio. Once again there is a

strong inverse relationship because the rolling moment is

31
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comprised of the lateral differential thrust, which is assumed

at a constant 30' of the average thrust (see discu3sion of

pitching acceleration). The roll acceleration capability is

reduced v-ith increasing velocity to a greater degree than is

pitchins, acceleration, because the lateral drag is much higher.

(Compare Figs. 10, 6 and 7).

Roll acceleration capability is plotted directly against

lateral airspeed in Fig. 11. For each static-lift/gross-weight

ratio there is a limiting lateral velocity where all available

roll control moment is needed merely to trim the vehicle into

a rolled attitude, so that none remains for acceleration to an

increased roll attitude. This limiting velocity is seen to

vary inversely with the static-lift/gross-weight ratio, Model

97-1 has been plotted on Fig. 11, and is seen to display the

Bame general trend as the matrix vehicles.
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ACCELERATICN IN YAW

The effect of five distinct parameters on yaw acceleration

capability has been investigated. To show the separate effects

of so many parameters on any single preservcation be:omg ex-

tremely confusing. Consequently, their effects are shown in

five different ways, Figs. 12 through 16. On each of these

figures variation in either three or four parameters are shown,

while a typical constant value is maintained for the other(s).

Figs. 12 and 13 show that yaw acceleration capability

decreases with increasing rotor spacing, except for high ratios

of static-lift/gross weight. This was an unexpected result,

since intuitively it seemed that a longer moment arm for the

yaw-producing forces should produce a higher yaw acceleration.

However, the weight of the thrust-producing units increases

the yaw inertia of the vehicle sufficiently to more than off-

set the increased yaw moment. At a static-lift gross weight

ratio of .85, the weight of the thrust-producing units

relative to the aerostat is sufficiently small that the

additional moment of inertia from increased spacing is bal-

anced by the additional moment arm, and the acceleration is

essentially independent of spacing.

Speed in itself does not have much influence, parti-

cularly at zero sideslip angle, as seen by the small change

between zero and 35 knots (Fig. 12). In combination with

high angles of sideslip, however, speed becomes significant,

as can be seen in Fig. 14.
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Fig. 12 also shows that the static-lift/gross-weight

ratio is a highly significant parameter. The vehicle with the

smallest percentage of static lift is the most maneuverable.

This relationship is shown more clearly in Figs. 14 and 15,

where yaw-acceleration capability is plotted directly against

static-lift/gross weight ratio.

Use of auxiliary thrust in the horizontal plane is a

powerful method of providing yaw moment. In the present study

horizontal thrust of varying magnitude was assumed to act in

a fore-and-aft direction at a location behind each of the aft

main lifting rotors (see Fig. 4). The magnitude of the maxi-

mum available horizontal thrust is expressed as a fraction of

the rotor lift. Acting together, the horizontal thrusters

produce forward (or aft) propulsion, but acting differentially

they produce a yawing moment. Their effectiveness is clearly

shown in Figs. 13 and 15.

As expected, the yaw acceleration capability at air-

speeds other than zero is dependent upon the sideslip angle

since the wind then produces its own yawing moment. This

dependency on sideslip is shown in Fig. 16 for a wind speed

of 25 knots. The aerodynamic moment produced by the wind is

greatest at 45 degrees; hence the acceleration capability is

smallest at that azimuth. Also, Fig. 16 again points out that

the acceleration capability is higher with a smaller rotor

spacing.
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Comparison with Heli-Stat Model 97-1

The Piasecki Heli-Stat Model 97-1, described and analyzed

in Ref. 1, had geometric and dynamic characteristics as shown

in Fig. 2 , From interpolation of results from the matrix

point designs to correspond with the ratios of static-lift to

gross weight, and of rotor longitudinal spacing to overall

length, the comparison table, Fig. 1? , is obtained.

The correlation between Model 97-1 and the matrix points

is seen to be within 125 for speeds of zero and 25 knots and

for all axes except lateral translation and roll. The lower de-

gree of correlation in these two axes is the result of a somewhat

different lateral control configuration. As shown in Fig. 4 ,

lateral forces are produced in the matrix designs by lateral

thrusters (tail rotors) on the two forward main thrust units, as

well as by lateral components of the main rotor thrusts. The two

aft thrust units are equipped with horizontal thrusters for longi-

tudinal thrust only. Model 97-1, on the other hand, had lateral

thrusters on all four main thrust units and, therefore, twice as

much lateral thrust from this source. It is this feature which
•~ii

gives Model 97-1 a higher lateral acceleration capability. More-

over, Model 97-1 can be trimmed for a given lateral airspeed at a

smaller roll angle because it was designed with greater lateral

thrust than the matrix designs. Hence a larger proportion of

roll control is available for roll acceleration
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r i
Application to Real DeslFnsa

The paramnetric analyses conducted for this report were

based on a grid, or matrix, of point designs having three

fixed values for static-lift/gross weight ratio. In any real

design this quantity is a variable, dependent upon the

vehicle's empty weight and the amount of useful load being

carried. However, from these parametric results the behavior

of such a real design can be estimated.

To illustrate a typical real-design application, Model

C-76/.609 has been selected. The .609 ratio of static lift

to gross weight has been taken to represent the fully loaded

condition, for which estimated weight breakdowns can be found

in the Appendix. When off-loaded approximately 500, this

design is found to have a ratio of static-lift to gross weight

of 0.85, another of the fixed values used in the matrix study.

However, since it is now considered to be a fixed design,

operating at part load rather than full load, the control

available for pitch, roll, and yaw (differential thrust and

auxiliary horizontal thrust) will remain the same as they

* were in the fully loaded condition, as opposed to the smaller

values found in the .85 ratio matrix points.

£ The .85-static-lift/gross weight ratio designs were,

therefore, re-analyzed using the values for differential

I thrust and auxiliary thrust from the .609-ratio designs.

j TResults are shown as follows,
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on•itudinal TIranslation is sho-:n on Fig.18 rlotted

against airsneed, for an horizontal thrust ratio of .125;

one of the constant ratios used in the matrix (solid line),I and a ratio of .455, which represents the sate value of

horizontal thrust, in pounds, as the corresponding matrix

point with .609 static-lift gross-weight ratio (dotted

line). The dotted line can be considered to show the

. 6 09-ratio matrix designs -. hen onerating with anproxi-

mately 50% design payloads.

Pitch is shown on Fig. 19 plotted against longitudinal

spacing ratio for speeds of zero and 35 knots. The

solid curves ( ATXmax/TZ - .30) are identical to those
in Fig. 7 • The dotted curves ( &TZ /TZ) once again

max
are representative of the .609-ratio matrix designs onerat-

ing with approximately 50Z design payload.

Lateral Translation and Roll are shown plotted against

airspeed on previous Figs. 9 and 11 . On each, along

with the regular matrix designs is shown a curve for the

.85 static-lift ratio, but with lateral differential

thrust taken from the .609 ratio.

Yaw is shoiqn on Fig. 20 plotted against sideslip angle at a

speed of 15 knots. As in Fig. 18 the solid curves are

for an auxiliary thrust ratio of .125, while the dotted

"curves are for a ratio of .455.
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Final graphs of controllability vs. loading condition are

shovn on Fig. 21. These graphs3 ,,,ere constructed using points

for 100l and 50' payload as described in the preceding para-

graphs. They were then extrapolpted down to zero payload.

For zero airspeed, pitch and roll controllability de-

crease with increasing payload, since the available control

moments (from differential thrust) remain constant, while

moments of inertia are increased. (Even though the payload

was considered as essentially a point mass, its location well

below the vehicle center of mass gave it a significant con-

tribution to pitch and roll, but not yaw moments of inertia).

However, longitudinal and lateral translation and yaw con-

trollability all decrease with decreasing payload. Main rotor

thrust vector components play a large part in these particular
modes. Since these thrust components are a direct function of

dynamic lift, they become smaller with decreased payload.

At 15-knots airspeed longitudinal translation, pitch,

and yaw acceleration are not greatly different from their

zero-speed values. Lateral translation is substantially re-

duced, and the slope of the graph for roll is reversed. A

reduction in lateral translation capabil.ity is accompanied by

increased roll control and roll angle to maintain lateral force

trim. Thus less roll control is available for roll acceleration.

51
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In a light condition (payload ratio less than .35), the j
maximum sidewarl airspepd for lateral trim is about 15 knots.

However, hovering flight in a 90-degree crosswind will nor-

mally not be required. For those applications when it would

be requirud, provision would have to be made for ample lateral

thrust under conditions of light loading.

Thus the parametric results developed herein can be used

to determine the control response of a "real" preliminary

design vehicle. The oxample just described represents a

design which the fully loaded condition, happens to fit one

of the matrix points and in the 505-loaded condition to

nearly fit another matrix point. Hence Figs. 18, 19, and 20

could be constructed directly from calctulated values, without

the need for interpolation. However, other designs falling

within the matrix limits can be analyzed in similar fashion.

Although all possible combinations of parameters have not

been plotted in the figures in this report, the calculated

results can] all be found in the Appendix. Data for designs

with parameters within the matrix limits but not equal to any

of the specific matrix points can be easily interpolated,

using the nearest appropriate point3.
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Comparison With Specification MIL-11-8501A

Oreclftc;itions or standards have not been promulgated for

controllability requirements of a 1Ilhter-than-air vehicle

(hybrid or not). As a matter of interest, however, Model

C-76/.609 has been evaluated in pitch, roll, and yaw, in terms

of paragrapii3 3.2.13, 3.3.15, and 3.3.5, respectively, of

Spec. 14IL-11-3501A, Azaendiaent 1 (Iier. 4). T'his specification,

of course, when w:ritten wiaa dealir.g with a vehicle of the order

of one-tenth or less of the size of an anticipated LTA vehicle.

However, the effect of size on controllability requirement was

considered to some degree, in that the formulas for controll-

ability permit slower motions for increased size of helicopter.

The calculated values shown in 1'ig. 22 for the lieli-Stat Model

C-76/.609 are several orders of magnitude superior to past

;4avy Blimp LTA vehicles of the ZPG-211 size, although lower than

the requireiaents of the helicopter spec.
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6. CONCLUSIONS

A systematic investigation of controllability of hybrid

LTA vehicles with varying ratios of static-lift to gross-

weight and of longitudinal rotor spacing to overall length.

has led to the following conclusions.

(1) Longitudinal translational acceleration has an

inverse relationship to static-lift/gross-weight

ratio.

(2) Longitudinal translational acceleration strongly

depends on the amount of horfzontal

thrust. At high ratios of static-lift/gross-

weight,horizontal thrust is the basic

means of propulsion and control.

(3) Pitching acceleration has an invcrse relationship with

the static-lift/gross-weight ratio.

(4) Pitching acceleration increases with increasing

longitudinal rotor spacing.

(5) At airspeeds up to at least 35 knots, the dependency

of acceleration on speed, for either longitudinal

translation or pitch, is minor, probably because

of the relatively low body drag at these speeds.

However, the dependency on speed becomes more

significant at high ratios of static-lift/gross-

weight, with acceleration decreasing with increas-
*" ing speed.
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6. CONCLUSIONS (Cont 1d)

(6) Both lateral translational and roll acceleration have

a strong inverse relationship with static-lift/

gross-weight ratio and with lateral airspeed.

(7) Yaw acceleration has a strong inverse relation-

ship to static-lift/gross-weight ratio.

(8) Except for high ratios of static-lift/gross-

weight (greater than 0.85), an increasing rotor

spacing results in a decrease in yaw acceleration.

(9) The use of horizontal thrust which can produce

yawing moments is a highly effective method

of increasing yaw maneuverability.

(10) Yaw acceleration capability depends on the

relative instantaneous wind direction. For the

configurations analyzed, with no stabilizing

tail fins, the aerodynamic moment at an angle

of yaw is high, becoming maxinum at 45 degrees,

and is a critical maneuverability condition for

I design.
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6. CONCLUSIO:JS (Cont'd)

(11) The inverse relationship with static-lift/gross-

wqeight ratio for pitch and roll acceleration, stated

in cor.clusions (3) and (6), hold only for vehicles

designed with thrusters limited in capacity con-

sistent with their normal operation at high static-

lift/gross-weight ratios. Vehicles with thrusters

sized for operation at moderate to low static-lift/

gross-weight ratio (not greater than 0.65) will

have greater, not less, pitch and roll maneuver-

ability when operating light (and thus at a higher

static-lift/gross-weight ratio).

(12) The results herein can be useful in assessing the

control response of a "real" hybrid LTA vehicle

while still in the preliminary-design stage.
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9. AB 3 'IAT 10_1 Q ,,D YNDDOL:3

2•bols Definition Units

a acceleration, linear ft,/sec.

C.B. ' c-ntcr of buoyancy

C. G. centcr of gravity

CD drag coefficient, based on 42/3

CL lift coefficient, based on Y2/3

CF. moment coefficient, based on V

center-line

Cu. ft. cubic feet ft. 3

D drag force lb.

D diameter ft.

deg. degrees deg.

e.g. for example

F Fahrenheit (temperature)

fps feet per second ft./sec.

ft. feet ft.

f.r. fineness ratio (length/diameter)

g acceleration of gravity ft./sec.

G.W. gross weight lb.
H height of vehicle center of ft.

gravity (defined in Fig. 4)

1 RTR height of main rotors ft.* T (defined in Fig. 4)
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9. ABBREVIATIONS AND SY~i;-OL (Cont'd)

Symbols De finition Units

X mass moment of inertia about
y X, Y and Z axes (roll, pitch, slug ft. 2

and yaw, respectively)
Iz

kI coefficient of additional apparent
mass for longitudinal motion

k2 coefficient of additional apparentmass for transverse motion

kt. knots (speed) kt.

L lift lb.

L rolling moment lb.-ft.

L overall length ft.

LA aerodynaiic body lift lb.

LB buoyant lift (synonymous with LS) lb.

lb. pounds lb.

½ static lift (synonymous with LB) lb.

LTA lighter than air

m mass slugs

M pitching moment lb.-ft.

min. minutes min.

min. minimum

N yawing moment lb.-ft.

p rolling velocity rad./sec.

psf pounds per square foot lb./ft.2  i
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9. AS,:-VIATIOiNS AU;D SY3BOLS (Cont'd)

Sybols Definition Unit_

q dyn--mic pressure 1/2 V2  lb./ft. 2

q pitching velocity rad./sec,

r yavw velocity rad ./sec.

R radius ft.

rad radians rad.

ref. reference

S area ft. 2

S.L. sea level

sec. secondc sec.

T thrust lb.

t time sec.

X, Y, Z components of rotor lb.
TI thrust (defined in Fig. 4)T Z
TP X component of horizontal lb.

thrusters (defined in Fig. 4)

TR Y component of horizontal lb.
thrusters (defined in Fig. 4)

U.L. useful load lb.

V flight path velocity ft./sec.
or knots

v sideslip velocity ft./sec.

volume ft. 3

"gross ,'eight lb.
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S9. ABBREVIATIONS AND SYMBOLS (Cont'd)

Symbols Definition Units

X direction of longitudinal axis

x displacement in X direction ft.

XRTR rotor longitudinal spacing ft.

(defined in Fig. 4)

Y direction of lateral axis

y displacement in Y direction ft.
(lateral)

YRTR rotor lateral spacing ft.
(defined in Fig. 4)

2
CL angular acceleration rad./sec2

sideslip angle deg.

differential

p air density slugs/ft. 3

Oe average weight of aerostat lb./ft. 2

envelope

roll angle rad

4 yaw angle rad

C) first time derivative of ( ) sac.-l

(C) second time derivative of ( ) sec. -2

-64-

-I. t ,;"



'.1. *.I**� ,.**,.* � -� '. - ,.,.* * .*�,*,

I K -'

- U.

.1

A

-fl
r



- Z ~ r-. C14 1-0 t C14 kZ ! C-

~- c L ~ 0 C* C, I'- C' C:) f-Z co

L/) co 1-3 t~ C14 C.o r-. C4 C ~ - Clq

Li~ eL ,i -

o1 Z' -T
Hn CC ?-, %0 cc 0I 00 ~

Le) Li t o COI CD CO CO '.0 C) CO

(X < Of 0 UJQ 0 V) V CN' C14 C14 cli C14 C4 C1 0
z z i> X

ouI Ln._ _ _ _ _ _ _

L0 :D C) CO C '0-) .0

> LO O U^

LL. LL Li 0
o cz 7 0- 0. r:N 0\ U

0 Ln wJ L D 0 1- - rr C,. ~ .. ± .

< VD •J J< L i LI

Uj

0 V)
0• 0 0 CO CO .0 '.0D %D0 '.0 C.o %.a O

%0: 'r% .- Z C ' \ I-Iý 60 UN 0r 0r 0r Lo

Li

LL/N

o~\ o- 1-4 ACo m. r-U( u ~ e . - 'ID

i Lo C" 0 TN c~ D ~ -T. 0'0 C (4or

V) C7 c-1 C) 0-C' - C ' - O 0' -ý :,

*0Ln (Nj f* 0A C14 ?- 0r eq P

C) Il C* W\ l t- - n ?N ,

Lu0'2 N C '0 0 %

L- .'n C) 0l 10" CD a%

Ul cc 1.0C CO4 co %. N COl CD0 '0 I

0t CD~ Cl I- I-

- ~ ~ ~ ( r :: < C n ' u u..



IC C) n C) M C3 c3 C3 C)
C) c - z C) C) C3C3 m)
I-- C, I= ( ) C C' ) C) C= L c

Cý f- C) L% t- co CDO WA te", %D4 4

LL" C', CN r, (N

%.l. C t- cl, c- ý .- N T L c.l N

c M' CDCC) C C) C ý C
N C-, CD Cn C c C) Cý CD c> Cý
I- C:! C) n Ž C) C) C) C) 0 C)

0, C LA) IA h. cC Q LA~ %nto

%-0 LA N- PeC 'N 0 % Cý
C' ' ~. 4 A 4. 04 0)

U- OCY- c- C CD .3- '3 C C' CD

Z Z~ C,: -cl CD 0 C CD 0 l 0 3 0 0 0
e: < u CD L C C) 0 0) C) C: Cl 0D

LL lo - < I % ft 4.4k

0, IO Z - >- 0 cn 'cL '.3 j. . .o %.D . . .
<) 0- cli N. 11C 73 N N

C. 47 t-,4 '.

C << C' rl~ PIN P Af

LL
z 0 Cý C- C) C) C3 C) CD

C) C- --. (- C n CD CD 0 a C3
Q. .- C C) C:C C: 0: a

UJ kJ .. C) '-4 C14 c(N cn r C3
a t) ~ 4 - C) PeN C14 r LAl p..

C' 4 4 on 4 0 4 N f7 4 o 4

al P .3 a% Ne 91C .

LL
C-1 C3 C:) C C) CD CD) C) C )
n- C ) C ý C)0 CD C3 C C) C) 0ý

Li %. %. % 4 4 ft -k 4
tA% C' C' -4 (N -T (n C) I

- I o C' C - C4 'IN C3 NA C)

Iji- % A. . 4
CL P,. Pe 4= C ' (N4 0 A

0 C4' p(N 0 C'4 CN AX '.0 c

.4 I C! C C0 C:) C) C) CD 0 C
C Cý C) n) C C) C) CD

-C c- C: C) C) C) C CD 0 0ý

czte ( LA% I)) C) I' LA
-i 2< LD.0 C-1 tA- C, 4. (14 .~. C' N CN N ' ? N 44

LJ 4ý C4 4. 4 4 4)

cc W. O A - ( ) N t", -T (N -T N

LL LA CD ' L C) C ' -

Li o D C . %.0 1. LIN CD (N

Li C,4 4 C) C3 ' ~ -

o ' co0 00 00 '.0 '.0 '.

-.
67



M r C'u t- 00 00 r- '0 cr)
C\j L.fl qd Co L ) O O D cfl Ozýn

(o 0 1 C) wf wD 'f L .0'0

U

0

-n 0 CC) CC) IQ OD co Id CY) cr)

0< LJ F- 0 t\- ' 0 .. l V . r

w0 N' W UY n a) op - m)
0 0 k.0 t.0 1.4 co ) 0 V - OD

(9 0 t' o \ - Vc u0 OD
oo C LC LO U-) -) LO U) Lr) L) U-)

LU c

'0 - 0 LA) ) 0) 0 0 C0 0 0 0
0C'<c C CC) t- (7 C-C) m co CV) Cr) -

coL±JI C") '.)0 Nt ('J ) O U C\j N -

QoL) C) CR) Crj () t- - - '0 '.0 '.0
ui .0 Cr) LA C\) *~0 C) C'.0 C- O' ý
L) -3 C\ CJ V - N

cr 0 ~ 0 0 0 0 C 0 0 0 0 UU
oL < 0i 0- 0o 0o 0 0) 0- 0Nt 0

C) ' CYC\Jr

0 %.D - ) ) CD c-a O C

u t-J- co aN C c )M C

Cl) - ý 0

e4 CD co m - - - -.

oLUJ - ýo c L n 0 CO k)L A c \J 1.0 t- a) J t

0. c):: '.0 c" ) U) U i~L
CD <- - - - --0

LL~U W- CD C) C) 0 0 0 00 CYI
0 0 C c; Z7 cý C7 -68--j L- 0 ) C) C;? 0 0 C CD 0 L



00 Lr% CQ cz -1 VJ\ 00 q co

*r CD - N pe, Pe L^ co r- co .- 4

C1 fl, co 4.1 4t - 4 - - co N.
-4 - ý 61* cc I" C.144~~

LA C0 1.W -.4 ýD r. 4. co CY) LO
CN N I %. %.4 4 4

C14 fl cc 1, N. N. co N. P. co

vi 00 :1, (N rn %D 61% Cl 4. -T a)

-C) LA LI) cn co aO 4 pe. N.1 D P-% r.
<. 00 ^ %0 0 I' %D l r ý al

o * t C' (N N CNq CN C4 C'4 (N (N (Nj

U

>- 0 C 0 0 0

co2ao z pe- cyl 4. C1 c- LI
L^ L^ D 0D a) LD (4 CN fl, co co W%
t4ý C0 -4 f. 04 0' co 14% 0ý co ?

U-. C1 < 4- 44 4 4N C4 4 4 4

o LA. -4 4. C P, %.0 t, peý 0ý %0~ '
0) C1 (N (N4 LI\ 00 C14 WI 00 N

C* 4e C4 4 e 4 4 C4 4e 4N C4 4e

co -4 Ln P- LIý P-. Lo co C) r-"

D/ *-4 %.0 V-)C 0 a) 0' '-4 CN ci C-4

on o0 0 (7 0 0o 0 00 0 0

U.-

0'

U ý4 Z n ) i') 0C) -7% 0l CD
Li LL LI Li C5) -4N co 0 N 0' LO N

LI w 00 %0 0' D . N o4.

<. -j C) CD CO LT

0L .J S-. %D %D %. 0^ K I% 0 0 0 co. 4
LLZ z 0 1 . 1,, 1. 4 .4 .4 .- 4 -4

C. 0 1I 4 '3 . . 14' 1' 1' 1o 1o

o~ ' 'u~ < <

-69-

L



ccco PeN - C) A a 4 C 'ý

r-~ (N CN CN 00 coa C LA

u~a - all P" Lo -% a 3 4 ulA

a- (N (N ~LA PA A '3 a L
C're K% tel PA P P A A PA I'

a% O LA\ C) LA % wA '3 CD0

C4 4N %D Ca- 00 ONa A CO L N

C14 co r, 03 r, t-. UN OD 00 a-
-. 4 -4 C4 14 - 4 1-4 4

LO co co C*CO 4 ~ 0 C14 C 0

LA -4C A a O '3 0 ~ t 3 0

0 ) C) 0 0 0D 0 0 0 0D C_

00 LA '3 0D -4 a -P.
L)LA LM PA' C' LA\ -4-4 D -T %'D LA

Ui r '~ - -4 PA LA o ~ %D 0D 0

a-r" 4 s 00 CD 00 co .. 0'I C) CNZI A 0 1 pe\ 2 C4 re $
<NC ls L L^ '3 M' LA\ N1 C LA

0 LA 4 D '3 co a% 4N0' N a-T P. 0 LA

C14 C -4 ll-~ -4 -4 Pe 4.4 -4 CYN

LA P% -- %0 _:r' a Cl .4 Ta- N CO

.- 3 4 -4 LA ( NC14a LA% co

* PA LA LA LA LA LA LA LM LA L

CD C0 CD CD ý 0 D C) C) 0 0D 0D

w Li

uj z LA 40 C% CI - 4 00 'L -4

Li: I~ OLA Lo A 0 0' L )

LiL A ) O CD CI N T CO '3

uLJ *Li '3N '3\ '^ 0A PA O CO C

S Lu z 0ý -- s 's - . 4 4 -4 .4

< C-. 0-o I 1 1 1 1 1 1

LA co ca 0o < < O C



KIIAD KIAR 42 pII OIvr A 4IPl1p p 0 T : I¶L ROA . I 4TT iI ONAiIO A POIT t 7

-3 -1ý.f

-~ ~ I __

V . is Y 7-71I

-- -I ---- --

I 4 .

71 I



CO A PC 0 AA TI 1 0 HPR

4ISLAND ROAD. INTERNA71ONAL AIRPORT -PHILADELPHIA 4Z. FlNNSYLYANIA :...

REF MODE 9 1j>7-1.

ALL .OSL5 I H

.15 II

YA I ,, - L >G

/A D t om' c AW tý- t-tc.EN V, -AW.AS



A9C TI'X0f Ir Pao aNO LONQITUD13"A ?PM-CL&T10

2 T "RR S 37.0 FT.

ut 2- 295.25 FT.

joq_ j T NX w 9,608 Lin.

97-1 *FR-OT) 13,560 L.B. .

IT a 146.6116,000 S L.FT2

"YLOaciTT (y) XT. 0 13 25 35
DYNAMIC PRESS. (Q) P.S.F. 0 .742.12 #j.16

DRAG4 (D) LB. 0 1.121 3.247 6,103

4- H TR o.0 70 201 3ý82

.x) (TZA w 7M)IT 4 -05146 .0543 .0538 .0531

1-Y ~ SECI I

*P XW .i T y ) wb. 38,432 38.4)32 38.432 3.8 432

0 LB. (4 Tx~ * ? x) w LE 38- 432 37.311 35-185 )2.329

I~x~ PD 2 288 2.80 2.64 2.4)

TPN (4 T, * 1,X ) L

LB. (Tx+ PX MA D Ia

L. (4 T x *TP)N -n L

xe- -

1'iXAXO (4 Mx F AXLa

LB. (1 *Tx ) A - D LB.

'P x * )T LB.

La. (Tx.? 0 -XMAD 1j.

* ~~~1 T I L ___ _______ ______

x Ka



6CCP7ZMTIOM DI PI'2 AMD LOP0IDkLTMt.I1

Ham . 49.0 M

K,, 11  7b, FT.
x .2'T . c 1,470 La.

D.51011 MO. x•Ri (a'--• -- -X 1478
C -76/ .29 11 R• Z) & 7"R, 7 I

U " 10,322 S 2GS

½I - 52,63,000 St,. PFT.

VELOCITY (T) K. 0 25 25; 35

D•h•XIC PRES. (q) P.S.?. 0 .76. 2.12 ,.16
DA D). LB. 0 1,095 3,171 S,961

RUB2,,L,.R] La•I,,B. 0 353 1,022 1.922

zr.• 2 (4TZKAZ'wz W .0425 .0415 .0395 .0370

1P (4 T. 47,790 47,790 47,790 47,790

S)910 -B. ( p U D La. 47,790 46,695 44,619 41,829

.(4 T T D - .,..63 .56 4.35 4.05
x- K L A SEC _

Tp 0 Tx * ? LB. 66,480 66,480 66,480 66,480

2460L. ( ,*T 1 6,480 65,385 63,--09 60.519

MI XA-

i Tx 6.44 6.33 6.13 5.86

T (4 Tx* 1p,) 140,400 140,400 140,400 140,400
IMAX __ _ _ _ _ _

98,520 L! . (4 'T , ) - L aI. 140,4u0 139,305 137,229 134,439

,.. I , 13.60 13.50 13.29 13.02

S..x P p * x X) 28. 238,920 238,920 238,920 238,920

I,7v LD. (1 ?Z ) - D La. 238,920 237,825 235,749 232,959
,' lJ+',x -,X -DP •-

Sp .=A. 23.14 23.04 2t.64 22.57x mSC

- 714--



4ACC9!YRATIPfl fl8 1'I? AND 14&ITVDIIAL ?W-,A~TA¶C10

2f4 X D6 z ~ 1NrR a 49.0 FT.

2? T a 22T uT 76 Fr.
T,7' W.- I T 2,763 La.

DXION ?10. T?
C-76/.(09 - -(&T I k ) - 3,900 La.

L, 2, A,.)t i.coo :1L. I0T.

VELOCITY (V) 0'. 1 15 25 35
YAXIC PREs. (q) ?.S.F. 0 .764 2.12 4.16
PWRA, (D) LB. 0 957 2,7?2 5,210

UTR- LB. 0 309 894 1,680
T2• - )( ZRR)

bO - .0202 .0186 .0156 .0115

TP 1= 4 Tx # T,) .LB. 12,612 12,612 12,612 12,612

1,560 Ia. (4 T* * Tpx) AX D L. 12,612 11,655 9,840 7,402

.. (..m2 2. 1*7 2.00 1 692 1.272

Tp X AlA• (4• T i + ?PI) Y.UJ La. 17,552 17,552 11,552 1?,SS52

6,500 LB. (4 Tx Tp I) - D LB. 17,Sb2 16,595 14,780 12,342

1b Tx TP
ax X" S zl;- 3.02 2.65 2.54 2.12

I? X" (4 ?X# ,I ) 1.8. 37,052 37,052 37,052 37,052

26,000 LB. (4 T , . -w LB. 37,052 36,095 34,280 31,842

"" MA - I 6.370 6.205 5 ,8 13 5.474

p( * ? i1 )# LB. 63,052 63,052 63,052 63,052

52,000 L3. (14 T ) - D La. 63,052 62,095 60,290 S7,842NAXooo___._(______•__"_

~ 1T 7 T "" ". 10.84 10.67 10.36 9.94

BIC

-75-
'1

-,



r

ACCLIZtIATIOI An PF'e M LOPOMITUDLEL ?LAW&=

S D 2f R21? A - 49.0 FT.

2&ZTR • 76 F'T.
Ill•Iz T0 • j~A 759 L/.8

C- -76/.85

40. • RTR• •j(•IIU 1,071 La.q

- 4,646 SLUGS

IT - 20,40S,000 S. I- ' PT.

Y8L~OCI' (K) •r. 0 15 25 35
DY.�N MIC P -S. (q) PS.P, 0 .76-4 2.12 4.16

DRAG (0) La. 0 865 2505 4709

D(H
&T•.3. 0 279 808 1518

.ZAX ZRd ZT)0080 .0059 .0020

T TPXU "(4 T* T . x LB. 3,464 3,464 3,464 3,464

.) - D LB. 3,464 2,599 959 -12454 2 8 L B. 14 tk T; x i, X

I. PX 52 2 .745 .559 .206 -. 268

=... =--_

T( T.x * T ) Ia. 4,821 4,821 4,e21 4.,21

1,785 LB. ( Tx * Tp* , ) - D LB. 4,82! 3,956 2,316 112
I MAX

X" 1.038 .851 .498 .024

TP( Tx_* TP ) LB. 10,176 10,176 10,176 10,176
XNA I_ MAI

7,140 LIP, (•T *TZ ) ) D Lb. 10,176 9.111 7,(,71 S,467
X MAIK______ _____

?1 * TPX) i/• - D fl 2,190 2.004 16 1177

it (14 Tx * + ) Tr. 17,316 17,316 17,316 17,316

14,2s80 LB. (1 ?T + T,) -?I LB. 17,316 16,451 4:.811 12,607

. X -, 3.727 A.541 3.188 2.714

-76-



-- ,i---. -. |--4 *- -L . t •'
S•lr.R , - ..o/n-

ACCF!LkATIO" III PITOi A.N Lo

uX D 2 T 2&T7 KRT - 49.0 PT,

2 T cot ?2 RT 130 77.
X ;T Z I T 10,470 LB.

D93I0M NO. -p--
-30/,291 14,778 LB.

1 , 10,322 SLoGtS

* 66,570,000 StL. FT.

YrucCIny (y) . 0 15 25 3
DrhAMIC PRESS. (q) P.S.P. 0 .764 2.12 4.16 t-
DRAG (D) La. 0 1.116 3,232 6,075

*R - & . 0 210 609 1,145

24 . wzTRM )xRTR) .95 77  .0569 .0553 .0532

y-n -~

? . T I *T ) LB. 47,790 47,790 47,790 47,790

'V1AX - i
5,910 LB. (4 T] x T+ X )A - D LB. 47,790 46,674 44,558 41,7t5

.. (4 Ts + Tp )lAX D 2  
4.63 4.52 4.32 4.04

x- S __ __ _

Tp XVAX (4 Tx +T )PVILX Lb. 66,480 66,480 66,480 66,480

24,600 LB. (i Tx + T x) - D LB. 66,480 65,364 63,24A 60,405

(• TX .Tl, )t - - 4
(4 T___P__I__Z__ _.44 6.33 6. 13 5.05

T F (is Tx* T ) La. 230,920 238,920 238,92C 230,920ILA!

197,040 LB. (14 T ) - D LB. 238,920 237,804 235,688 232,845

x W~• ". 23. 5 23.04 22.8: 22.56

T# ) ?xLB.

LB. (4• P T,?) M - D LB.

-D -

-77

-77-



W-nZPATr0N Il! P2TM VnD L~I&V!J0QAL TMIAE

~L

Ito~ 0VBlT tx 41,0 11'.* V

C-- -- 2 ýt -R- 130 PT.u

N -S 33,498.o00 sL. fl.
2ELCxT (T ) T. 2 ¶5 25 )_ __

ANRIC PRZS5. (q) - P.S.P. 0 .76J• 2.12 g.16 v

.NO.

8130 /()0• RT) D . 00 5O,32B

5. 1 . ...

~ ~ .033,4988 ,000 L F . 02

DRAG (D ) LB. 9781 12,83"2 5,324

W,20-( T N , LB. 2 164 9 8 7,208

"" 22 7 0.l6 .5

2(T -TZ XRR)-M

,t A X Tnr I .0303.0 ... - 2 c- 1 .. ...

Xhly

6,500 L13. (4 ? p 1w T2 ) LB. 12,552 116354 94,780 2,238

SFC - 2 2.17 2. 531.b .2.10

TF(4 x+ T* x~ )4L Ls. 63,052 63,052 17,052 63,052
ZWAX _ _ _ _ _

652,00 LB. (4r TP I)A - D) LB. 63,052 162,074 60,220 12,228

T W ( T+ PI ) AX ___63052 63052__052__0 _

(T4?I p) FT 7? .83 10.67 10.35 9.92

x AX
14?= =t

(~7'r.p) SO

XMAX_ _ _ _ _ -78-_



"-""AU UM ;ý -IP ' l~i A-,•=MTDTUL= 4.

2' 6 T , , , , R A .- , o , R

I I• 4 , C 4 C . S L A J 52T • 1•.c 7.-00 S. - T. 2"
LlLu-n (7) KT. 

15 25 )5_
DRA G  (D) 

•30 0 087 2,!. J,829

Y!L L (• TX (7 TK) ?L. 0,9 1,5 7 25 -| _o

DRA (Lb1. 4r07 ,4 I
2 C.nTz -4T )(IRR)XA 7 -- 't01 09 01 01

A" SEC 2 "--5. " "

T p ' M A XL (. T i 4 ? P 1. 3 , 4 6 4 3 , 4 s, 1 3 , A Z 6 A- I

428 LB. (I' Tx + T 1 .X ) ) LB. 3,464 2,577 895 -

PXr lAx 2_.48_5S_.13_ -29

i, T, + T ?) Ll L. 4, 82; 4, 821 A 921 £ C'l

I L7 . (4 T, T4? ) - D U.. 4,821 3,934 2,252 .8.

x , p v I U42 d5c0 .4C -. 002

?? "OA J" (4 7x# T p ) XBAZ 17,316 17,316 17,31 17,316

4,2,80 LB. ( TZ ) * " D La. 17,316 16,429 14,747 12,4Vb7

"(4 +T _ D 2 3.743 3,551 3 188 2.699
K. -~ - ~ - EC

TPX.IA1 
I K? ) 

_ __I__

LB. ( TX TP - D Lb. _

I p

-79-r
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AC•IZRAlT10 I; PIZ'H AIID LCNG17T0IA.L ZMSJALkll0

.1 211T, 49.0 F.

2TXt2TZ~ 7 TX R' R

A- 1:4/. 7i1 
1  .T -1 04.0 LB.

D.SION NO. 1 14,778 LB

S10,322 SLZGS

- 87,045,000 SL- ?".2

WE LIM"C IrT (Y) KT. 0 15 25 35
D?.A.IC P.RES3. (q) F.S.P. 0 .764 2.12 4.16

DRAG (D) LB. 0 1,127 3,264 6,135

LTZ T 2l R) LB. 0 ISO 435 817

2(4TZ -IV.z Tld) (X•kR) Mtl

r y, T LT . 6I O 25 .0 t 8 .010: .0590

T1 , -(I 
T

x 1p x)At LB. 47,790 47,790 .47,790 47,790

5,910 LB. (4 T ? x TP )VAX - D LB. 47,790 46,663 44,526 41.655

.( Ti + T D)r -2D4.&3 4.52 4.31 4.04"X. - xwSEC

T (4 Tx + T7 ) LB. 66,480 66,45u 66,480 f 66,450

24,600 LB. (1 Tx # T? ) - D LB. 1; ,480 65,353 63,216 60,345

( T ÷ ) -T Dx + MA 6.44 6.33 , 12 5.65

TP (4 T x ) A LB. 238,920 238,920 238,920 238,920

197,0 40LB. (4 T* + TP )I - D LB. 238,920 237,793 235,65S 232,785

Ti * Tp ) 23.15 23.04 22 03 22.55

T 1_______. -F T , ,--La

XIX RAI _

il. T ) - D La.

x-- K AX

""-

I C1

r)!



'X' u _ 2 Cnz 61~ 49 .0 FT.

S - a --.-- 2,763

A-184/.6ou - XRTR "-oz)MA.X " 3,900 L.

a 5,817 S UJGS

- 40,975,000 St I .

YEwCITr(Y) (V ) FT. 0 15 25 35"DTTIAY1IC PRESS. Fq .S.F. 0 -764• 2.12 4-'16 •

DRA: (q) LB. 0 990 2,86- 5,389

OTzTR - LB. 0 132 382 -118

2(? Tz M .03 90 .0338 .03 C .0206

Tp (
4  

Tx * p ) LB. 12,612 12,612 :2,612 12,612

560 LB. (4 Tx * Tr x ) - D LB. 12,612 11,172 9,293 6,773

KAI SE- 
2  2.1-7 1.921 t.598 i.104

?P IVAJ' (4 Ti +Tp) LB.Y..iL, 17,552 17,552 17,55e 17,552

6,5o00 LB. ( $ + TX ) - D LB. 17,552 16,562 14,685 12,1A3TI ¥ KX

- (4Tx T .D 3.02 2.85 2.52 2.09

TPIMAX' (4 Tx* Tp ) PU. 63,052 63,052 63,052 63,052

52,000IoL. (4 * #', ) - 0D U. 63,052 62,062 60,185 57,663

., MA ______ ______ ______________

€'TI MAXu. 1 x * Tpx I , - -Z 108s 106 0.5 99
"a- se-

(B. T p 7 D LA.

saIc

1,

-P] 'I-



N.. . .AT.O2 I' PrCK A LOM Oi D IAL ?RA•PI TICN

! 49.0 11.

2T X"RA 184 fr.
2r,27Z 7 759 IZ..

*o o 140. 1.8.

A 184/.85 RR O( S)w , o7l La.

a * 4,646 SLUGS

* 30,959,000 SL. PT.
2

YL'LOCXTT (y) KT. 0 15 255 j
DYNO~AMIC PRr3S. () P.S.?. 0 .764 2.12 4-.16
DPJAC N) LB. 0 898 2,601l 4,8A8

_ _T_ "__A_ I W _ _ R_ _ m+ .0127 .0113 .00_ 6 .0050

..__-. .. .,.__ - -..=,_ .. . _ =.

T.(4 ' Tx ? )p L.a. 3,464 3,464 3,464 3,464

Z) IkAX _ _ _ _ _

428 LB. (4 T, - ) -w D LB. 3,464 2,566 863 -1,425

(4 T, #. TZp).• -o l• .
.SEC 

2  
.746 .552 .186 -. 307

(4l•j= • Ty. T~x NI 4,821 4,821 4,821 4,821

1,705 LB3, {(h T T ) D LB. 4,821 3,923 2,220

.. (4 rX + Tp3 KAMA• D 5 1.038 .944 .4.76 -. 015-

(I 78xLB Ty_* _ _IMAX 17,_16 1_7,316 J7,316 17,316

14,280 IAB. T x Tp][ w D Lb. 17,316 16,418 14,715 12,427

F I 3.727 3,534 3.1 67 2.67

L .- D (.. , T_ _ __D U

___ I_ __ _____ ___D

"-82-



rd

AQCE1ERATIO! ;N PITCJ AVPI Lý,•lDINA-L TPAM-LATIOJN

/~ ~ N ~TR ~* r

' [XR. " 7 6 FT .

T 159 La.

C-76/.85-.609 RTR . -KMAI

m - 4,646 SLUGS 2 "
- 20,405.000 SL. F .

v•_c irI y (v) Y.T. 0 15 25 35

ZYW"IC PRZSS. (q) P. S.?P. 0 .764 .12 4.16
D.9A (D) LB. 0 865 2,5c5 4,709

RTz LB. 0 279 Boa 1,51e
- -R T

ZT R n .RTR .0291 .0270 .C230 .0177

klxýOA X' , -r # rl, A Ax i .n, 4 ,r ,. 4 ,' r. 4,' .1i, . r.

9,560 L9,B (4 Tx T) - D L9. 4,596 3,731 2,091 -.113

(L + Tp ) - D .989 .803 .450 -. 024
. .Xs • ?c

Tp * (h Tx + LB. 9,536 9,536 9,536 9,536

6,500 LB. (•i ?X Tp ) - D LB. 9,536 8,671 7,031 4,8•'
AA

"• 4 Tx _ F x, - 2,053 9.867 1.513 1.039

Tx Tx LD. 29,036 29,036 29,03A 29,036'A ,'AX

26.000 Lb. (4 T, * 3P% - D LB, 29,036 20,171 26,531 24,32?

- T)X V A.l 6.250 6.06-4 5.711 5,236
SEC

(T Ty * Tp LB. 55,036 '55,036 55,036 56,036

52,000 LE. (4 Tx 7 3p)F X - D LB, 55,036 54,171 52,531 50,327

(4 TAX T 11.846 19.A60 11.307 IC.832

1V1

V

-• - ---



ACCEL0AT104 TV PITCH AQ NDL1GITUDIVQ. TRAN~lATlQ(N

R-4--.RT 49.0 FT.

T ?z cc ZXRTR 130 17.

-o I -- Tr xx .X A 759 LB.

6-130/.85-.609 RT ( 3,900 LB.

P , 4,646 S LJJG .S

. 24,687,000 SL. FT.

VtLCCIr'Y (V) KT. 0 15 25 ____5__

DYNAIC PRESS. (q) . P.S.p. 0 .764 2.12 4.16
ORAG, (D) LL.. 0 887 2,569 4,e2.

LB. 0 167 484 110

2(= - .0411 .0393 .0360 0315

( XIAX ( LI), 4,596 4,396 4,596 4,116

1,560 LB. (4 T, * Tp ) -X M LB. 4,596 3,709 2,027 -233

(4 TX * T) -lu D .983 .798 .436 -. C50
'X . ... SEC

2  
,a!

T(4 T ) L. 9,536 9,536 9,536 9,536
""r I( X ?.IA.X

Sp "AX 2.C53 1.862 1.50 1.01

SEC

Tp A (4 Tx7 Tx , LB. 29,036 29,036 29,036 29,036

Yll AxX V k

26,000 LB. (4 Tx * x) 4 .X.A- D LB. 29,036 28,159 26,467 24,207

-" ) -D 6.25 6.06 5.70 5.21

TP7 (4 Tx * Trp LO. 55,036 55,036 55,03f 55,C36

52t,00 Ls. (4 T, 4 T X) - D LB, 55,036 54,149 52.467 50,207

f1x MAX 1 11,65 11,19 10.81
S

+a

-84
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A('CF.L.RA,?1Qi IM 11ITCK A.ND 0'4JGI'1ALN TRAiATC'O

S. .TR' AT 49.0 PT.

TT cat T z IRTR-- 184 PT.
--- ~- -

Tx T - 759 LB.
U 9:E S 1 0 1 4 N O . C TT x)R TA (- 3 , 9 ( D L ,B .

A-184/.85-.609 ZPAX

I - 4,646 S LU GS

- 30,959,000 SL. FT,2

YELC C1Y (v) ,X)T. 0 15 25 35
DY /,'.IC PRF.5S. (q) P.S.F. 0 .764 2.t2 4.t6
DRAG (D) LB. 0 898 2,601 4.889

grZTR D(NI/ LB. 0 120 346 l51

X .A2(aTzJA "ZTRIJ )(XRTR) SEC .046 .045 .042 .039

m II A"" (4 Tx TP ) Ax L-.B 4,596 4,596 4,596 4,596

1,560 LB. (4 Tx TPK ) - D LB. 4,596 3,698 1,995 -293

(4 Tr + T) .99 .80 .43 -. 063
p

Tpx.. (4 Tx + px UL. 9,536 9,536 9,536 9,536

6,500 LB. (4 Ty +i,) - D LU. 9,536 8,638 6,935 4,647

X4 T 4 AlZ)
(4 T x T D 2.05 1.86 1.49 1.00

I. SEC

TP (4 Tx# TPi ) WA LB. 29,036 29,036 29,036 U9,036

2&,000 :B. (4 Tx.T ) - 0 LB. 29,036 28,138 26,435 24,147
X AX ,

( T. 1 , . D 6,25 6.06 S.70 5.20

Iy.. (4 T * TI px) LB. ý5,C36 5S.036 55,036 55,036

52,000 LB. (0 Tx * T1 ) -M LB. 55,036 54,138 S2,435 S0,141

(4 T x * T ,,PAX I .M. I I 1.65 11.Z9 10,79

:SEC

--- 85-
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Ec'u-itions of M1otion for 1I.kteral Translation and Roll.

Mnaximum roll acceleration is produced when Ty, TRy,

and Tz are co-ordinated to produce pure roll (zero lateral

translation acceleration). Therefore, for" 0,
yI

Y= 0.
sin 4) D-4Ty -2 TR

max Ymax

4Tz

If 4' is calculated to be negative,the vehicle
can be trimmed at the particular lateral velocity in level
attitude and need not be banked. Therefore, in such a case 4
is made equal to zero.

z/r'y = 0.

Ztr D(Hrtr) +(LB Hrtr- 1cg)Sin

2Yrtr
S2Y AT, -DHrtr - sin (LBHr rWH
2Y rtr 41max rtr cg

Ix

Maximum lateral linear acceleration is produced when Ty, TR
Y

and TZ are coordinated to produce pure linear motion (zero roll

acceleration). Therefore, forp 0,

Y= 0. n - D+-4Ty - 2 TR
max Y

4T Z

0, 2 ATZ Y -11 (D+my)
=iT~max rtr rtr

(2)
B rtr--{cg

Combining (i) and (2) and simplifying:

Y7 4 T(?-ATZ Y -DH tŽ(J{ YLBHrtr)(D-4TY a 2 TR
max rtr g-maxSLmax

T Z .rtr D Ltr cg

!

V • *'-- - -

i -1
PI



ACCEL ATION IN LATTRAL TRANSLATION AND ROLL

4' 90 DE(G.

\- Ht - 49.0 ft
2 cNTZ a -4.5 ft.

"2 TY Tyux a 10,470 lb.

-yTZ 2
6Tz ATza . 14,778 lb.

Trz Z A 12,282 slup

x -44,460,ooo slug ft. 2

YTZ 49,260 ib.
t ir tr -B 80,900 1b.

DESIGN NO, C-7V/291 V - 277,940 lb.
Trtr a 163 ft.

ca (IT hIrtr)- (W Hcg): 5.214.?30 ft. lb. _ 750 lb.

c 2 - 2 Yrtr ( 6TZmax) = 4,817,628 ft. lb.

c3 4 TZ Hrtr t cl =14.P69,790 ft. lb.

"v -"elocity (uidewards) ]kt. 0 15 25 _5 T
D . lb. 0 ,488 18,79o 1 35,320
CI - M - lb. -43,380 -36,892 -2,590 58,O60

a 0 0 0 0

92 * L (Hrtr) 1,000 0 317.9- 920.7 1,730.7ft. lb. _

g3 2 - 12 0 4.816 4.500 3.897 3.087ft. lb.
9 . ..- C .si ra

p Ix.2L Sn-ad. .1084 .1012 .Q876 .0694

94 Tz E -i (91) 101 117.55 07.90 89.608 65.028
J. ft. Lb 2

S.9 ft. 6.4,6 5.908 4.907 3.561
it _ ._ - 3

If Bin• . 0, make It - 0. Negative rin € indicatez that, the lateral control
force ccmponents available are more than sufficient to cou.nteract the lateraldrag at a roll angle (p) 0 .

-87-
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ACCELERATION LN LATERAL TRANSLATION AND ROLL

9/- 90 DEG.

LB-xKt 49.o ft.

TZ M 8.9 tt.
1kT 2TZ Hag 273 b

2 Ty D Y& ,6 b

.2aT TZ-ax 3,900 lb.

;T R a " 7,777 s.lust

N20,025,000 slugtft.

Z ", 13,000 lb.

V 2T L a80,900 lb.

DESIGN NM ýC-76/.(09 W - 132,900 lb.
T rtr . 163 ft.

cl - (LB HK...)- (W Mcg) -2,781,290 ft. lb. T 750 lb.

c2 0 2 Trtr (ATZMaX) w1,271,400 ft. lb.

a3 4T Hrtr 4 01 5, 329,290 ft. lb.

V a Velocity (sidewards) kt. 0 15 25 35

D w Drag lb. 0 6,048 17,515 32,924

. . .. - 4T - 2TRy lb. -12.552 -6,504 4,963 ..0,3?2

*-ino 0 0 .0954 .3918

g2 - D (Hrtr) 1.000 0 296.3 858.2 1,613.3
_ _ _ _ rft. lb.

-g3 M C, i9 1o6 1.271 0.975 0.413 -0.342
_ _ _ _""_ ft. lb.

g- a ed .0635 .o487 0074 0715

Ix sec. 2  -01

j . 9 4 Tz (g,) Cj (gl) 10t 10.102 6.8792 0.7681 7444

"ft. 1b
2

*o. 4 ft.
a to 3•) i(ec. 2 2.437 .1.6590 .1853 -1.796

* If sLnO 0O. make It 0 0. Negative eino indicates that the lateral control force
components available are more than sufficient to counteract the lateral drag at
a roll ngle ( € ) * 0.

@ Negative values indicate that the tehicle cannot be trimmed in roll at this lateral
airspeed within the roll control moments available.

-88-r! -
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lI
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ACC:LFRATION TN LATERAL TkVrSLATION AND ROLL

"k/. 90 DEG.

IJ rHrt
2 \tr u 49.o ft.

o. .. I267Z rt 14.8 ft.

2 "' 7ý9 lb.

2 •zT 1T -. 1,071 lb.

H,2z T y T R M a 6.6o6 Slugs

S11 015,247.000 Slug ft. 2

I "rtr Tz - j,570 lb.
W LB a 80,900 lb.

DEIGCN ND. C-76/.85 W - 95,180 lb.

yrtr - 163 ft.

c1 " (LB Hrtr)- (W Hcg) -2,555,436 ft. lb. T - 750 lb.

C2 *2 Yi-tr ( ITZ.,,) y.cV -o Y tr ( sidm ewa = 34,146 ft. lb.1 Ei i ii
c3 4 TZ 4rtr ' c 1  "3,255,156 ft. lb.

- .____ o. 0 5.956 17.249 32.42-D'a - 4T lb. -4536 1,420 12,71) 2?,887
£I - - •ymsx- 2TRYmIX • !.

g2 -D Ht) ,00 -0291.8 845.2 "i,588.7

ft. lb.

I " z gC , 2 - 92 To .3491 -. 573 -. 4961 -1.240
ft. lb.

C, • - c 1 sin• rad. .0229 0.129 -. il67 --
I x s e c ..-

g Z (g3) ci ( 1) "00 1.6577 -,2810 -3.957 -8,897
ft. lb2

"* ft .7709 -1.-3069 1. 0
3) e 284

*Sin • c&rnot exceed 1.0 ( P 90 degrees). At this lateral airopeed the
[• -vehicle cuinot be trimmed.

ONeiative values indicate that the vehicle cannot be trimmed in roll at

th a lateral airspeed within the roll control moments available.

-89-
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ACCELKR&TION IN LATERAL TRANSLATION AND ROLL

4)-. 90 DEG.

L-i Hrtr - 37.0 ft.

TRY 2cTZ a 3.7'1 ft.S 2Tz'> -"• "

D -T- TY-a&% 9,608 lb. I
-T 2yTz Tz 13,560 lb. 'A

0 ~ R~ 13,328 aluga
S. _ tx 3.433,o0Olug ft.3

• rtr TZ b 45,200 lb.

w LB 14o,0o8 lb.

DESIGN NOM 97-1 W 321,600 lb.
Trtr = 166 ft.

cI - (IB H, t)" (W Hog)- 4.006,816 ft. lb. T 18,866 lb.

c 2 - 2 Yr, (aTZm&,) - ,501.920 ft. lb. 180 .

c3 - 4 TZ Artr * 01 -10,696,416 ft. lb.

I V a Velocity (Sidewards) kt. 0 15 25 35

D a Drag 1 16806 0 91.52

S- D - LTy -2TRy 1b. -76,032 -59,224 -29,392 +15,.4t&

j _n_ _- 0_" 0 0 .o857

92 a D (Hrtr) 1.000 0 621.9 1.726 3,386

____________ft. lb.j _________ _____1•6 4.502 3.880 2,7?6 1.116
C2  ~~~~~~ft. lb. ____ ___________________.

g - c e•Di nd.
p -- ix - .1203 .1037 o0741 .0206

94 a 4 Tz (g%) - 1 (0 "oO i11.86 93.88 61.97 13.97

ft. Itb

"" • (o_. 7.846 6.585 4.347 .980

0-3)sec.
2

*1

, If 6ino ; 0. make it 0 0. Negative sin 0 indicates that the lateral control
force cojponents available are more than sufficient to counteract the lateral

dradg at i roll angle (Y " 0.

-90-



.-ACCELERATION IN LARA.L TRA14SLATION XID ROLL

90 DEC.

Hr tr""Hrtr 
- .o ft.2QTr 

Mc9 a 14.8 ft.

• 2 T . D --" . ax " 759 lb.
Tz 6Tzmax * 3,901 lb.

T, 26 y m -T 6,6o6 O"Url

X ... 15,:47, 001 alug ft• 2

rtr TZ 3,570 lb.

W La "80,900 lb.

DESIGN No0 C-76/.O5-.609 W -95,180 lb.

Yrtr 0 163 ft.
01 u (t1 1 rtr)- (W Hog) I it lbf TRt 1 750 lb.

C2 - 2 Yrtr ( ,NTzmax) - 1,271,4%3 ft. lb.

C3 - 4 TZ *rYtr * 01 , 3,255,156 ft. lb.

V - velocity kt. 0 15 25 35
O . Drag lb. _ 5,956 •17,24; 32,C73

_ _ a D - 4Ty__ _ - 2TRy___ 1b. -_536 1,420 - 12,713 27,887

s -- 0 .0994 .8903 1 1.953

12 - D (.tr) 1.000 0 291.8 645.2 1,588.7Sft. 1b. I
19 a C2 _ 2 106 " 1.2714 .9796 ?.262 -. 3173

ft. lb.

93 -• 0, a~l'n tad.P " i -• . .0834 ý76 -. 1213

4 - 4 Tz (g)) -a (gl) o 10 2.9747 60 -2.640J -7.579
ft. lb.2

@.. 94 4 t

m- ) (a2 .2 . 3834 J17 -1.2278

' Sin cannot exceed 1.0 (0- 90 degrees). At this lateral airspeeJ the
£ vehicle cannot be trlmrr.ed.

, Negative values indicate that the vehicle cannot be trimmr d In roll at
this lateral airspeed within the roll control mo.ri-nts available.
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ACC~LL.'~? IN ; YAJ,,

Ty+LTy TTY-T yT T-TR y X T X-Z

$•. =0oY

2TTX Tx+•Tx • •

2 
R

- T Tp )T+2Xrtr (TyTy)
T 4

rnmax= rt2(Tmax mx X a

max= Yrtr [(2Tx+Ta)(2Tx+TP)

2 2 T TR

1-2X~ T+2. T

!axrtrTemax moTn

maxS[-(2x2 t+2x TR(T T
rtrt X

Yrtr (2Tx mx-D cos) + Ty +2 XTR
~nax 2maa

max+TFmax 2 2trmax Tymax
SJ.- 2 Xt 2 XTRTRy

-. 2X r trT. 2 XT

N'. r,.

S- max - trim

h i ,,C



ACf-T3LERATIO¶ IN YAW

-- TXM( - 9 60 . lb.

-T 9608O lb.

W ~rtr xrr 295.25 ft.

-- -D- - 166 ft.

TRY i 9,400 lb.

Tx TY - Iz -160.620,000 al.ft. 2

TR TR * 295.25 ft.'

DE51GN NO. 97-1

y - 0 Degrees

a1  " r Ti * 2X Ta X T 14,414,080 ft.lb.

max

Velocity (V) kt. 0 t5 25 35

_ D• __ __(O _ _lb. 0 1,121 3,247 6,103
Aero.Yawing or. (MZ7 rjm! ft.ib 0 O 0 - 0 0

9 D lb. ro 0 0 0b.
- -I I--- 0

g 2 - Yrtr D coa3_ ft.lb. 0 93.043 269,501 506,5,49
, If 2 1 ". . _

Sg T T = and TR T G(y-
1 mmax

g, - " rmx, dYand TRY

'lb. 0 0 0 0

lb. 0 0 0 0- - - --. . . .. 1 i

g3  = € "'g 2 X - T1  f . ib , 14,414,080 14,321,037 14,14•4,579,13,907,531'

MZ - tZ

2 DeOc.2

•] * rtr Tp-'
C3 Yt mx trim

Iz+., .. Tp (lb)

0 tad. .0898 .089Z ,0591 .0866

rad.

rad,
2

-93-



ACCELERATION IN TAW

-0- 759 lb,

Ty~ 759 lb.

'Irtr- T rtr rt 76 ft.

Yrtr- 163 ft.

STRYr• 750 lb.

x , " x 1 07,645.000 al.ft.2

Ty YrRXR - 5 ft.'

DMIGN NO. C-76/.85

y - 0 Degrees

l 0 2 frtr T-), + 2(Xrt, Ty + X TR Ty 370.302 ft.lb.

velacity (V) kt. 0 15 25 35
D'ra_ (D) lb. 0 866 2.402 _ 4,713

Aerc.Yawing Mom. (MZ7r) ft.lb. 0 0 0 0

g, D in lb. j 0 0 0 0

g2  D coosV ft.lb. 0 70,579 195,763 384,109

T T-max. TyI TYM and TRy 2 (g, Tym 4

g- Ty M&X, TyI and T - 0

T¥% lb. 0 0 00

lb. 0 0 0 0

g3  l "1  2 " ZXrt TI ft.lb. 370,302 299,723 174,539 -13,807

YI

r mma~x " Ztria rad.
Iz e,

93+y t Tp -M
w3+¥t X.ax "trim

T
TP (ib) TPXax /Tr.total

428 ,030 rad. .0249 .0209 .0138 .0032
______seec.

1,785 .125 .0375 .033 .0264 .0157

7,140 .500 rmd. .0869 .0829 .0758 o0652
____________ ____________ sec. __ --

14., 280 1.000 r.d 1529_ .0189 .1416 .131
__.L 4.

"____ sc .- 89.11-1



•CC•.L.2XAT•N IN YA'i

cX_ 2,763 lb.

Ty-a 2,7.j lb.

4-4
X I tryrtr 

Xrtr- 
/ f t .

Y'rtr - 163 ft.

T 750 lb.

yX x $ 18,523,000 al.ft. 2

T 81  av 5 f t.

DESIGN hO. C-7/6/.609

y 0 Deg-reos

C 2Yr T a + 2(Xrtr Tyma XTR TR )" 1.328.214 ft.lb.

Max

Velecity (v) kt. 0 15f 25 35
Dra,-o(D) .-lb. 0 95? .2.. . . 66- o ,2
Aero.Yawing M'om. (-!z ft lb. 0 0 0 0

g1_ D na In 4lb. 0 0 0 0

92 Yrtr D con ft.1b. ? 77,995 216,464 424,778
If gl >T T " - T. and T - 2 (g, T )

If i Ty maXD Ty! Tmax an TR Max
_- ma , 1• _. 1

91 < Tymx TY and TRy . 0

1b, 0 0 0 0

T 1b, 0 0 0 0

2 c 1 -2 2Xr1 t Ty ft.lb. 1,328,214 1,250,219 1,111.750 .903,436"* -- X~T T - _ __

r MZmax - MZtril 
dz se c. 2•

g3 + Yrtr pm
r tr a P trim

T? (1b)TPT /T z r

XT, (b [ X total

1.560 .030 rad. .0854 .0B12 .0737 .0625

-50 .125 _ rad. . .1247 .1172 .1060
S • ec. 2 _

26,000 .500 ;t .3005 .2963 .2888 .2776

•,. 0 1.000 ral. 529.5251 .5176 .5c64- - , - ~ o. 71. I

•! ', i , , , , , • -, ,-



ACCELERATION IN YAW

ZTX-ax 1 0,470 lb.

T y 10,470 lb.

r t y_ r X-rtr 76 ft.

rt 163 ft.

T:" m 750 lb.

T 'VPX 1z -41,236,o00 Bl.ft. 2

Ty XTR *T 5 ft.,

DESIGN NO. C-76/.291

y m 0 Degro.:

c 1 Vrt T:ý a * 2 (Xrtrz T~ *M X~ TR )uR5,012,i6o ft.lb.
max .

Veloclty (Y) kt. 0 15 25 35
_____ (D)_ 1b. 0 _1.0935 )-p038 5,6

Aero.Yaing V¶om.(Mztr,) ft.lb. 0 0 0_ 0

74- 1 inb. O 0 0 0

92 "r Do ft.lb. 0 89.242 247,597 485,821

ýi f g, T - and TR U 2 (g - Ty
f > T1 TImax " X

gl T max, 1t anbd TRy- 1 -
Ty1.0 0 0 0

T lb. 0 0 0 0I 3 1 - 92 - 2 Xrtr T Y ft.lb. 5,012,160 4,922,918 4,764.563 4,526,339,

z r~ IL im trim r-ad.

~~.• . . .. ... . . . 1.9. .4 7.13 9 . 13.,

Iz see.

g 5•3 r05rtr F. -Mz59
._._X_ _.x 

-tr 
i

"•:•{' !TR (1b) Tp " /TZ
p p X total

1•97,00 1.030 rad. .1449 1427 9189 .1331
•2

-, •24,6n0 .125 2 .rd"2188 .2166 .2128 .2070

85-0 .500 --.--. . 510 .5088 .5039 .4992

1,9 97.6-o 1.000 .8a .8 44 .886

" '• 96-

our •" "



ACCLIrRATTO- IO N Y,1 Y4

-"Z T -- 759 lb.

-v , - -- 759 lb.j-• ' t . 1,"-! ~~

Xrr Xrt " 130 .

D-- rtr 154 ft.

.- ~I7t~-vR 750 1lb.
T R, -4R Iz 21,567,000 sl.ft.2

Ty TR =rR 32 ft.

DrZIG,', NO. !1-130/.85 :

y - 0 Derrees

C, rt2 Tký 2 zX~ T~ Y *x X~ T T 3R 479,112 ft.1b.
Ymax

velocity (V) kt. 1 0 25 32

1ra<_) . lb. 0 m7 2.o461

Aeo'aiLKm M ft.lb. 0 0 0 0

g, D li 4 b. 0. 0 0 0

2 Yrtf D coo t.lb. 0 68,299 189,497 371,910
ý f . . . . . . . .

CI •I> " Ix and TR _ 2 Ty max--Tmax. 1X max -

T and T 0

T y lb. 0 0 0 0

y3 t e " 2 t 2Xtr ]! .lb. 479,112 410.813 289,615 107,202

-2 X TR Tx R
- I

r z max trim rad.

r'3 + Yrtr Tp --Mztrim

-Ya
Tp Ib-) i /T z ,r

1 .x X total

r280 .... 1 .025) .0221 ,o65 .oo.o

sec.
.,7" 125 rnd. 0350 .0318 ,0262 .017?

7, ,40 . Ir , .0732 .0700 .0644 I .0560

1it 280 1.00o tal. 12'.2 i:?tc .1154 .1069

97 -"

p ,1 .,l m• ::-:-• t` i •i-'-: " = "" - 9>- - • -' •'~



LI

ACCRLERATX0M IN YAW

v-Z T- a - 2,763 lb..4

v cT-='1 a 2,763- lb.

WIt, Yr tr Xrtr 130 .
- - 154 ft.

TRy 750 lb.

TRx Iz 23,298.000 e t.2

TY XTR TR 32 ft.

DESIGN NG. B-130/.609

Y) -0 Degrees

C, zrr Tx= 2 ' + XR TR 1,617,384 ft.lb.

mea

Velocity (Y) kt. 0 15 25 35

F __ M lb. 0 _7_9 ?,716. 5,329
AeroYawlng Yom. (MZ trif•m) '"t.lb. 0 0

I D a lb. 0 0 0 0

92 * rtr c ft.ib, 0 75,383 209,132 410,333

If g 2 T "1 and TR - 2 (g - max

g, : Ty MaX Ty - 9l and T RY I. 0

T A1 lb. T0 u0 0 I:
TYI

93 = 9-2 -2Xrtr T0 ft.lb. 1,617,384 1,542,001 1,408,252 J 1.207,501

• ,-2 XTR TR

__ _ _ _ __ _ _ _ Y1 . . . . . . . . . . . . .. .

max trL13 rad.

• " 3+ yr Tp -bi
g3 4 ~rtr F Lti; _•. lx~ax tl

T (i /T rFxpx Ztotal
m a~x max

'_ 1,560 .030 rod. .0797 .0765 .0708 .0621

6,500 .125 d. .124 .I09 .10 .0947
2, .11.. .1 9 .1. 0

26,000 .500 rad. .2413 .2380 .2323 .2237

52,000 1.000 rad. .
2 4 L13 1 - .409 4 J955!,2

L



AMT!ALCL~ArIO I~ Lot

"T , 10,470 lb.
-1C aI-

yrtr 130 ft.

~7~~K:~z-r rtr - 1.54 1 t.
-- TR 1047 b.

~ TMax 750 lb
TRY Iz n 52,688,000 al.ft. 2

TY aR XTR 32 ft.'

DEIGN NO. B-130/.291

Y - 0 Degrjes

S 2Y T 2Ty n X & T 5,994,960 ft.lb.
€I 2rtr Tfa (Xrtr Ymaw XTRR

•2"Yrx De•V ft.lb, 0 0592 28t6 6,0

- - "W fTyl . 0n T 85 2 2max6 468,006

g 1 <-.:Ty - and T -O

TY1 lb. 0 0 0 0

I lb. 0 0 0 0

g3 " e "2 2 Xrtr Tc y ft.lb. 5,994,960 5,9 285.756,4911 5,526,954

r - a IZ r~rl td.2

Z eec 292 Yrtr TP 4-ztim

If gi), /•M&Y TY T n T - gT
,[~~a Tm I ~ma o

1 I
910 .0r0 rad. .1311 194 .126i .d2

' -- 24, 600 .125 • 1857 .1841I .1812 .1?68 -

I ec. 2 ___

1970'4 1.,0 toa. l

197,0_ 0 _.030 .6897 .6881 .6852 .6808

]i• :
F /" " i '' i 1 "I' i' I' I i'' V • - see.F '



rCCELFRArIOM IN YAw
� 759 lb.

#T cm*-4  759 1h.

- rtz-17 t
TTRYM - 750 lb.

-t TRI 1 a 27,007,000 ml.ft. 2

T XTR a 59 ft.'

DESIGN NO. A-184/.85

W * 0 Degrees

velocity (V) kt. 0 15 2.5 35

DrM D) lb. 0 _9_ 2.49_ 4,892
Aero.Ysw~lng ~on. (M~tiffi) M~. lb. 0 0 0 O

lt D Wb. 0 0 0

C1- 2~rr ~ ft.lb. 06

2 7D 5o7• 8 .26513 4170,770 335,102

f -Id 7Hz, a 2 (c, - Ty mIf g, > Ty'm T Ian T . 0

Tyax Iy 1b= 000

TTt 1b. 0 0 0

g3 z"g xrt Ty ft.lb. ]575,778 514.265 405°008 240,676

g3 a c 2rtr Tp -MZ

-Tp (ib) Tp /Tz"XMx total

428 .030 rad2 .02) 4 9 .0212 .0172 .0146

1.785 .125 red. .03037 .0281 .0241 .0215

_____ ~~~sec. - . .___
7,140 .500 rad. I .0575 .0553 .0512 .o486

2 1 - * o48

t4,280 1.000 red. j .0938 .0915 I ,0874 .0848

-1e.-



ACCKLEkATION IN YAW

TXm x - 2,763 lb.

S,• w - j( - - 2.763 lb.

-- tr .••-Lr Xrtr - 184 ft.

~rtr17 tt
S - TRY 750 lb.

m~ax
TX R X iz - 29,940,0o0 sl.ft.2

Ty XTR a 59 ft.,

DMIGN NO. ,-1342/.6u9

- 0 Degre s

c1  -yr Tr + 2(Xr Tra + X TR T - 1,862,346 ft.lb.
max

Velocity (V) kt. 0 15 25 35

Dralg- (-c)-_____ lb. -0 __ _ 990 2'.748 -- "-5,391 -
AeroYawing Mom.(Mzt ft.lb. 0 0 0 0

gw, t- w I' o o 0 0 o
92 "Yrt D cosa j t 7Zb, 0  67,815 188,238 69283

2

If gi > Ty T I and TR 2(g,- Ty)

g, 5 Ty T = I and T - . 0

1 1Rlb. 0 0 0 0

g3 C1  - g2- 2Xr~r TY1 ft b 1,862,346 1,794,53 . ' 1,674,108 1,493.063-I
-2 XTR

"r - trLm rad.M2 z B-'eC. L

93 Y r tr Tp x - z ""

-TI
~~~~ U)Pna total a.063- r ----- -

X.. . Max,

1 . .. . .. 3 .0 6 9.0 6 7 1 o.6 3 1 .0 57.. .

6,500 , -- rad. .0919 .0897 .0857 .0796

26,0o), ,500 rad. .1812 .1789 .1749 .1688

- '2 01. . 2 9) -28 73S 52, oo I , ooo . - .3 oo1 .2979 .2939



Acc.lirR T1La2.IN YAW

X T - 10,470 lb.
---. t.•" • -y-•.Tym, - 1o,/470 lb. :

Sr Xrtr a 184 ft.
-4-r Y 137, ft.•

rDi I rtr
TR a 750 1b.TXT px-• R,

t Tý4 R 69.575,000 el.ft. 2

u 59* ft-'

TjE(-IGN No. A-134/.291

S,, 0 Degreea

m.=k
01a, bZ rtr, T,~*2X~ T ~ *xT TR 6,810,24o f t.lb.

max

Velocity (v) kt. 1 0 15 25 35
Dra5 (D) lb. 0 1,128 3,129 6.140

Aero.Yawing MOm.(Mztrim) ft.lb. 0 0 0 0

l D ain q) lb. 0 0 0 0" 4

T Cosf t.lb. 0 77,268 214,336 420,590

If g" and - 2 (glTy mI >TmAx. TI Tm '•1-Tma~x

g,<T *XV TY10 9 and TR - 0

TYT b. 0 0 0 0
I __________________

lb. 0 0 0 1
93 01 g2 - 2X rtr TYI ft.lb. 6,810,240 6,732,972 6,595,904 ,389,650

-2 X XR T FL

r MZmrx trMZrEmd.

Sg3 ÷rrTP X.Lx-Mztrim

T (ib) TP /Tz t
pu~ UI xma total'

5,910 .030 rad. .1095 .1084 .i064 .1035

24,6,)0 .125 r.d1463 .1452 .1432 .1403

98,520 .500 d. .291 2908 .2898 .2858

ra 4359 .4848 .4828 .4798

197.040 1.00 ......

i9z



ACCF.LER&tTI0Oi IN YAW4

" Z 7X Tn af 759 lb.

* 759 lb.

MIvl

T, ( r RTR 7 5 fb.

Velocity (y) 
kt. 

. .5 25 35
A7ro.Y,,,,rg Mom.6(_ 

4.b. o 2 i.f838 757.882 -- ,485,4491 R D sin W 
1b. 0 322 895 1,7575 f

9 2 = t o 1. 7 b . 0 1 8 2 , 2 4 o 0 
r p c e 

5 0 5 , 7 8 3 9 9 2 , •44 o=
If g, Ty M TyXI. TY d TRY,) a 2 (tl, -b.glc Ty mI 

and 'T 0 I f 0

--a(D __ _ __ _ __,_ b 0 2,532f . . ........... .

Ty 
lb. 0 322 759 759

TRtI lb. 0 0 272 1,996

g3 cl C -2 - 2Xrtr TY, ft.1b. 370,302 139,118 -253,569 -757.466

MZMPx " M-t-rm mad.1z' S e e .2

g3 0 Yrtr M trim

.f

T• (Ib) TPXI a/g total r
mrax

428 .030 rd .0249 -. 0036 -. 0534 -. 1232

1,1785 125 rn" .0375 .0089 -. 0408 -. 1106

7,140 .500d. .0869 .0584 .0086 -,0612

14,280 1.000 adX .1529 .1243 o746

__- _ . 81



r

ACCZ!LZAIO~N IN JA
? • h I "TX• a 2 , 7 6 3 l b .

V. 2.7631 1)

S1- .. ., = "•Y ft.

r Yr ' 'r tr 
Artr 

76 t

STRYa 750 1b.

T RY IZ - 18,523.000 al.ft. 2

DEIGN NO. C-?6/.609

30Y DrMeee 2(X 1. T + X T~ 1,32, ft.lb. N
C1  

2 'rtr T rtr yma XTR TRY 1328,2.
max

Velocity (v) lkt. 0 15 2 _ _ 35
__ _5 _ __ lb. 0 2,643 7 335 14,394
Aero.Yawing Mon-. (MZtr_) ft.ib. 0 272.838 757,882 1.485,449

gl D a.sn 4) 1b. 0 330 '16 1,799

C2 Yrtr ft.lb. 0 186,545 517,7!2 1,015,943

If g, T and TR * 2 (g,- TmIfw yax, T~ ~ a max

91 < TY• I and T -0
m1 ax, T C t

lb. 0 330 916 1,799
T lb. 0 0 0 0

g3 01 -2 - 2Xrtr T1, ft.lb, 1,328,214 1,091.509 671,270 38.823

-2 X TRT

r ",~ Mti n ee.2

SIz

TP. (lb) Tp× /Tz -

21560 .5o84 .0579 .0091 -. 06 4

6,500 .125 rad .1289 .1014 .0525 2.0209

26,000 .500 rail. .3005 .2730 .2241 .507

52,000 1.000 rad. .5293 -5018 .4529 3795
-~ 2



T .- 10,470o lb.

9' ~ r~ a 76 ft.

J 'r r a 163 ft.

T R. a 7 50 lb.j

TX PX
XTp 1 41 2 6 ft. 2

t y X TR

Vulocitv (V) 0 15 25 35

!ia ()-l.0 2,827 7,64 5 3,9 1
Aero.Ynwirig N'om (1 z, f t.]~ 272,838 757,882 1. 485, 44ýo

1-, 3 n2 b g ~ ,2

p c 0I--- )
C2 w Yrtrft .lh. 0 67 ;1 b,53

Itf rg, Ty T - an d p 2T(C., T-r

1 a-nd T0

T < yy 924

Tlb. 0 053 08 9'

2x T t.lb. 5~ 012o1j

.lb. 5,1,16 .753, 972 .2353 3,633, 3291

c 
- 2 Xt~ 

y

3 'rtr *'tr,

T (ib) p roa

5,910 .0~ .1'ig .1 122-_ _

r 197.80 9o 0 .8'877 *.8650 31
II.,Lý __ _ __ _ m



S~~ACCELMRATIONIN ]Y"4 •

-Tm az 7 7- Q lb.

T 759 lb.

-"rte •rtr Xrtr - 130

- -Yrtr 1514 ft.

TR(M ..X • 750 lb.

T I a 21,567.000 al.ft. 2

Ty XT TR a 32 ft.,

DUSIGN NO. B-130/.85

4 m 30 Dogreao

01 r tr TZa + 2 rtr T ÷ XTI TR ) 4 479,112 ft.lb.

Velocity (v) kt. 0 15 25 35

Drag (D) lb. 0 2,63614 14, 352

Aero.Yawing M.(MZri.n) tt.lb. 0 272.838 757,882 1,485,4149

912 lb. 1707 32 914 1,794

-D 0 ft.lb 0 1487.726 957,048

iI and T u 2 (g, - Ty M)

tg, 5 Ty razand T Time0

T' I lb. 0 329 759 759

T lb. 0 0 310 2,070

g3 -" g2 - 2Xrtr TT ft.lb. 479,112 217,794 -225,794 -807.756

r- *Y' rt tr YM

428A 030rl rlxd. 03 .05 -026 -03

Iz sec.2

g3 ÷ Trtr ?P x- "Ztrim

S, 1,8 .15 m *05s02 -029 -03

S--.-z
S"Tp (lb) TFmX /TZtotal •

*1 7,140 .200 rad. *02 .0005 -. 0426 -. 03

_ ,785 .125 rnd. ,0350 .0102 -- 0329 -. 0M6

] ' 7,140 .500 r 2d .7 08 ,04 -0 53

1'4,280 1.000 rad. .1242 .09,)4 .0564 -. 0044

"-106-



ACC.L1.K1<ATICN I' YA'l

2- 27'3 Ih.

v 7~7V lb.

y *la

SXr r -tr 
TYrtr xr tr I"-

-4- Tj - 70 lb.
TX "r# T•r • TPx 0Z 2). 29 0" ° sl'ft.2"

D7TG-; NO. B-130/.609

Y4 90 Degreeo

c1 I 4-Yrtr T,ýa * 2(Xrtr Ty *m X TR T fl ) a 1,617.334 ft.lb.

max

Velo•clIy (V) kt. ] 0 15 25 35
Drnd (D) lb._ 0 2,674 7,420 14. 0

Aero.Yawing Vorn(MZjr m) ft.lb. 0 272,838 757,882 1,485,449

Dei4 lb. 0 334 927 -1,820

2 " rtr D e.• ft.lb. 0 178,312 494.794 970,918

if and TR * I 2 (g, -TyIf g|_ T~max T¥! Tmax °Tmx-

g, -Ty " T& and T R 0- x, TI fly

Ty lb. 0 334 927 1,820

T lb. 0 0 0 0

- g- 2Xrtr Tr ft.lb. 1,617,334 1,352,232 881,570 173,266

-2 r -ad T

max trim mrd.

g3 + yrtr T p -mz
- rlax trim

Iz
T 'i£b) rp /TZ

XIM~ JFx max /totar

.030 ,ad. .0797 .0566 .0156 -. 046o

6,500 .125 d. .1124 .0893 .43 -.014

26,oco r'oo rrd 2413 .2152 .1772 .1155

I.52,000 1.000 rli'. " .4131 '.3901 .3490 .287

-107-



ArEUITIOMIN YA~

TX. i0,470 lb.

v 10,470 lb.

WXt- ~rtr Xrtr 10 t
Y w 154 ft.
rtr

ITR u 750 1b.

T I - 52,688,000uA.ft.
2

Ty XTR X.R32 ft.,

SDESIGN M0. B-130/.291

W a 30 Degrees

01a -Y 2 rt T 4 ~a + 2 T ~ x TR) 5.994,960 ft.1b.
(XrtrYltax TR R

Velocty (Y) kt. 0 15 _ 25 35

Dra (Dlb. 0 2,918 8098 i,9

Aero.Tawing Mom.(MZtrim) ft.1b. 0 272,836 / 757,882 1,485,449

g, 1 i b. 0 364 1,012 1,986

2 rtr Dft.lb 0 194,583 540,006 1,059,674
It I and TR a 2 (gTy )
f and T 0

g, Tymax, Ty1

Tlb. 0 364 1,012 1.986

TR1 lb. 0 0 0 0

g3 a C - 92 - 2 X-rtr T r ft.lb. 5,994,960 5,706.517 5,191,834 4,418,926

-2 ,T 1-___ ___ _I

- m .Lx trLm rad.
I: z Dec. 2

r- 'I " 3 , r Tp * z
Xg.• tr i

,i _ _ _ __"_ _ _

?p ' T (Ib) 'e /T z r

XU.,. 'max ax total.

5,910 .030 rad. -. 1311 .1204 .1014 .0730
q______ Sec. 2___

24,600 .125 r.d. 1857 .1750 .1560 .1276

i.-98.520 .500 rad. .4o17 1 .3911 .21 .3436

F•'- rad.72

•,..197,040 1.000 - ra-;• L 6897 - .6791 .6601 .6316

•- " -108-



ACCRL?RATX0N IN YAW4

. mz- Ty,,, 759 lb.

4 ::- 759 1b.

-t, yrr x rtr * 184~ ft.
.r1~

rtr' 137 ft.

T~y - 750 lb.

Tx T pyI 27,007,000 el.ft.
2

T-TR " 59 ft.,

DESIGN NO. A- 184/.85

%P a 30 Degreee

*1 ZYrtr T,ýa + 2(Xrtr Ty_ X XTR T~ ). 575,778 'ft.lb.

mlax
velocity (V) kt. 0 1.5 25 3

____________1b_ _0____ . o _2,705.__ _ _ __ -- 72,_ _
ADroYawing Vom.(Mz fg.1b. 0 272,838 757,582 1,485,449

g!l, D o~n Wb. 0 338 938 1,840

S .,rtr coo ft.lb. 0 160,468 445,217 873,586_2 an 2(z
if g , >2 Ty iax o TT I T y a n TR w 2 _ g - Ty l )

s, <-- Tya, T¥ I g and Tar 0 0,w

1b. 0 338 759 7391

"Tl 1b. 0 0 358 2,162

93 al. g- 2Xr1 r T ftt.lb. 575,778 290,926 -190,995 -832,236
-2 X - T R 1

* _mfx Mztrim rad.
:•.i z s e c . 2

T (b) T p /Tz
XnxXMa total

m- • r r Xax -ri

428 .030 rad. .0235 .0025 -. 0330 -. 0836

1,7P .,5 r 2 .030' .0097 -.0261 -.0765

sec
14,280 1.000 r a i-• .09)5 .0731 .0373 -. 0134

S-i09-

"II I -VT -T Vi-•-•I• ]• •• i • -log--



IAcM• TIO IN YA_ý

z TXm ,a 2,76) lb.

a2.763 lb.

yr o a 184 ft.

veot. i)it.01 55

S, 1.•7 ft.

j * g 750 lb.

TXr ; Tx 29,940.000 al.ft.2

Ty " a 59 ft.,

DESIGN NO. A-184/.609

Y 30 Degrees

- _rrT 2 aI''nd g

ZY12r4, XTH T',' ). 1,862,346 ft.lb.

Velocity (V) kt. 0 15__ 25 ___5__

T (1D) lb. 0 2.035 7 050
jAero.Yawing blam.(MZt ) ft.lb. 0 272,838 757,882 1,485,449

lb. 0 341 948 1.861

2 T rtr - Jft.lb. 0 162,247 450.259 883,493

if g, 2:TyMx TYIa Tax and TRl a 2 (g, - Tym~)

-M~ EaX 1 ax " . Sa.x :a

and T+ 0 w 0

li Iz

T. lb. 0 3, 41 948 -. 861

""T _6,-0 lb. 0 0 0 0

. ' 9 -
2 x2 0r TY t dlb. 1,862,346 1,574243 1,063,223 2 ,0

z - ~ -__ _mfx trim Irad.

, ~ee~c._

g3 rt PXMI ztrim

- , 5-600 .000 tad. .0693 .05o6 .0173 -. 0 826

¶ ! __ -110-



- ---- --- -- - -- - . - - m . I,,,I-

ACCRLERATION IN YAW'

T 10,470 lb.

-~ r~V 4Z~---~Tx 10,470 lb.

w YXrtr rtr Xrtr a 184 ft.

y rtr a 137 ft.

TRYM" - 750 lb.

Tx X u69,575,000 sl.ft. 2

Ty TR XTR a 59 ft-.

DEZ]IGN N0. A-184/.291

* 30 Degree

c zr Ti + 2 rtr T *y X TR T1, )- 6,810.240 ft.lb.
381

Velocity (Y) kt. 0 15 ' 25 35

Dra. ( ) lb. 0 2,980 -,,26•-,2

Aero.YU~ing Mor.(Mzti.) ft.lb. 0 272,838 757,882 1,48>•-4{
g, w D oinW lb. 0 372 1,033 2,028

g2 - Trtr __.___ 1ft.lb. 0 176,781 490,480 962,452

If T T T and Tp - 2 (g, - Ty "L,)

g c T KA . y a T 1 .I&
g-Ta, Ty Tu 1 Lund TRyI

VT ____ lb. o[ 372 1,033 2,028

lb, lb.

2_1 - Xr ? ft.lb. t ,1,4 .9.6 5,939.616 5,iol,48ý1[
-2 XT T . .

, • M~max "Mtrim r'•d.
1z -

-t miX X trim rdIz

5,910 X 0t0rId1 .1095 .1011 .0861 .06

*24,'600 .125 ra.2.1463 .1379 .1229 .1004
__-. - - sec. - - _ - - -

r9,520d. .2919 .2834 .2685 .zl6o

197,040 1.000 .4859 { .14774 .4625

-• • :. W •..._.r .i•,-.. •S.C -. - i _ _ _ --,-i: • ",•n , -



AggiLLE' mToN IN~ TAW

S759 lb.

VTym&X a 759 1b.
TXtr rtr Xrtr 76 f t.

Yrt.i. Yr - 163 ft.

TRY"- 750 1b.

t*IZ 17,645,000 nl.ft. 2

DESIGN HO. C-76/.85

y - 60 Degrees 3

Velocity (Y) kt. 0 15 25 35

iAero.Yawtng Y~om. (MZtrlm ft.lb. 0 272,838 75.82 1 ,485,449

l1 I D oin W 1b. 0 1,105 3.068 6,021
D c2" • t ost" fit.ib. 0 208,110 577,509 1,133,2.57

p_ ~~9 ' ... ... . .

if T " T and TR 2 (g - Ty ), fg, TYMAXV T¥ TYmax rtML

g, Ty M&X T " 1 and TRI 0

Tlb. 0 759 759 759

lb, 0 692 4,68. 10,-524

93 " ¢ - 2 - xrtr T y1 ft.lb, 370,302 39,604 -368.755 -983,563

• - . ~ma• Mrmz: • Z .092 -05.2.1

1,78 trim rad..05 .03

' i , + Yrtr Tp -)IZ

, . ____________

-. ! (1z) T'P /Tz

1,8 .12 ra .• -0375 ,00)3 -. 0474 -. 1234

* 14280 .000 rad.

14 0 117 0 1 0

* V



"r (ý 1. 1? 71. N Y-1

A "A

'r ~tr * x trL

I rtrft

* 7rO lb.

tx Tv 4. Tiz * 8 .* ýy , ooo a i.ft. 2  I

T y T XTR U 5 It.

C1 i 2Y1tr Trx 2(Xr t T~ *m~ X~ T R T2 ?r ft.1b.

Yeloeity (Y)_______ kt. 0 15 255 5
j a~D) -___ b. 0 51 5 __

Acro.Yekwing Vom.(MZtj.) ft.lb. 0 272.833 757.,8S2 1.485,'449

b.01.11 3,107 6.097

- rrtr w ft.lb. 0 210.759 504,844 11, 1470642

if g,Ž Ty M o T~ r Ty L an d TR y I w 2 Ty ) L
and w

r~a, n~d T 0

Tylb. 01.119 2.763 2,763

T y00688 6,663

gl C 92- 2Xrtr Ty f't.lb. 1,29i ',7,367] 316,514 1-306,034

~ -2 X TR TR ___

C3+yr'~r Tr -

-1 Xt1 to taI

c .03,) 2r .0954 ~.0501 . 01 .83

6, .125 Md 1ý .09)6 .0334 -. 0395

7r d. . r)265 .1321

1.000 ral. 3 4 3  Lj30'F, n I



A(CCILYATION IN YA~j

•- Tx1 10,470 lb.

- - 10.470 lb.

W ýrtx' T rtr Xrtr - 76 ft.

art 163 ft.

TRY 750 lb.

rTR IZ 41,236.00o el.ft.2

Ty XT R 5 f ft.,

LD.sIGN NO. c-76/.291

4R 5 2060 Degrees

1 • rtr T.ýu + 2(Xrtr Tym*x + TR )-5,012,160 ft.lb.

max

-Veloc ity (V) _kt. 0 15 25 35
-Drag____ lb. 0 5.570 15,455 30,326

Aoro.Yawlng hdom.(Mz ) ft.lb. 0 272,838 757,882 1, 485,•449

4D lb. 0 1.205 3,346 6,565

92 Yrtr D con ft.lb. 0 226,977 629.791 1,235.784

if g 1  Ty., Ty " and TRYI a 2 (g, - Ty A)

g, !S Ty MaX, TY y a I and T Ry - 0

Ty lb. 0 1,205 3, 346 6,565

TR1 lb. 0 0 0 0

g3 Cj - 92 - 2zxrtr Ty ft.lb. 5,012.160 4,602,023 3,873,777 2,778,496

mz Mm x ELX - r im r ad .
Mz - H

J' 9 3 + r r Tp -M. X uax z trim

,•, , T (l.b) Tp /T z { -
C, .. .. ~

XMLX x ax to tal

5.910 .030 r.d. 1449 .1283 .0989 .0549;:i " ... . .sec.2

24,600 .125 rd. .2188 .2022 -1728 .1286
..72s.1ec2.

98520 .500 . .4944 .4650 .4208
1 7 410 .....

1l ; '•97,04•0 1.000 rE.d .9004 .8838 .1 8544 .8102
_ _ _ - fo _ _



VIC"L-iRATIOl IN YAW -

Oý-M Z 
a

-Xtr- rtr Xrtr

Ž~*. t rtr

TRY 750 lb.

T I- , ?• ,T- .6 30 ei.ft. 2

Tyx T 32 ft.'

DU1IGN NO. B-130/.85

Y - 60 Dcgrooe

Xa 2Yrtr Tin + T XTR T ) 479.112 ft.lb.
i= max

Veloelty (Y) kt. 0 15 25 [ 35
Drag (D) ,_ lb. 0 5,249 l 14,564  28, 79
Aero.Yawing NMom.(HMZtri) ft. ib. 0 272,838 757.882 1,_485•. 449

El D aln kV lb. 0 136 3,153 6,187

92 T rtr D Cos4J ft.lb. 0 202.086 560,714 1,100,291___ __ __ __ - • .--. I .._ ' _ _ _ _ _ _ __ _ _ _ _ _if g, Ty M&X I Tyi l &nd TRFt 2 g - Tyro""

F-g, < Ty m x T ¥I • 6 and T y - 0

T y lb. 0 759 759 75-)

T lb. 0 754 4,788 10.856

E3 C 1i F-2 -
2 Xrtr T ft.lb. 479,112 31,430 -226,746 -615,oq8

Sr " Ztr! rad.

!g • + y r• Tr "m
i 3+YrtrT; : r __ .23 7=• otx trim

*. - " se.__-_ _ __ _ _

=-" Tlb) T_ (ib

•1• " I 28 .030 t d

,... ...... 02.2 ..02 3 -.0 526
• 2r ad. 0,O63-0)2

rtad.
7. 1 1;,0 1.50-D .0:2 1 .0396 .0 53 .04t,4

1.000I ri,,o .I _ 2 0 ....



ACCICLFPATIOfi IN YAW

TXa + - 2.761 :b,

STya a 2.763' 1b.

Yt Yrtr Xrtr a 1) ft.

Yrt~r a 154 ft.

TRr a 750 lb.

X IZ N23,298,000 *l.ft. 2

y XTR

-CDegrees

C, Zyt Tj& * 2(yrtr Ty", XTR TRY) 1,617,384+ ft.lb.

Velocity (v) kt. 1 0 15 25 35
D"ag (D) lb. 0 5.295 14,692 28,829
Aero.Yawing MOm. (MZtrim) I-t.lb. 0 272,838 757.882 1.485."49

gl D sln lb. 0 1,146 3,180 6,241

-2 Yrtr D coa ft.lb. 0 203.857 565,642 1,109,916

if- Tn, and TRy 2 (g1 -Ty )If___ ~m• T e •-Tmax

g Ty - g1  and T * 0

Tlb. 0 1,146 2.763 2,763

T Olb. 0 J 834 6,956

g" c1 - -2 
2 Xrtr T ft.lb. 1,617,384 i,319,424 279,986 1-656,096

-2 XTRT _____A

Mz Mz
r max trim raEd.

g3 *Y rtr T
!xnekx trim

TR (lb) TP /rT•1 !;a Tmx total
1,%60 10)" rad. .0797 .0552 -. 0102 -. 0816

6,_OO .125 tad. 2112: .0879 .0224 .0490I:'see. I.2

26,000 .500 tad. .2413 .2168 .1513 .0799_________ _ I ;;•.2
52,ooo 1,0r(. .'2 31 .3886 .3232 2518

* a -l



- Z - IC.'.7 O lb.

~ rz~.jTy,: 4070 V

Yr t. , - t Xrtr 1 130 ft.

"-, trtr - 154 ft.

"-- 4 TRY - 750 lb.

T xT - 52,683,000 ul.ft. 2

T TR XXR a 32 ft.-

y *L'3Dv,.,rcaRi

"2Y rtr T Tja 2 2rtr T X TR TRR ) 5.994,96o ftolb.

0 ax

Velocity (V) kt. 0 15 25

Dr()_____ lb-. _ 0 5,715 15,853 -1,117
Aero.Yawing MoO*(MZtrim) ft.lb. 0 72.. 031 757.W)2 1,LW15, i49

r i)- lbt) 0 1.,'_/ J.'i ! 6,7J7 -

2 rtr D Cos ft.lb. 0 220.027 610o533 1198 004

If g, > TyMax# Ty, I "m aX and TR T 1 2 (g, Ty max)

g91  Ty TY y I V and TRy 1 0

T lb. 0 1,237 3,433 6,737

T lb. 0 0

g3 C 1 "g 2  
2
Xrtr Ty! ft.lb. 5,994,960 5,453,333 4,491,847 045,336

-2 X TH

r max trin rad.

3 rtir TF x•-YZtrim

T (i) (b) r
pFx Z total

5 .030 1311 iit6 .0 1 ....

. 24,601 ,125 irad. .157 .1702 ,1428
.€ Isj ee - -- .. . . ..-9S, 0 SOD .4017 .6ý .358 .376

rec._______ _

197,040 1.000 2. .6897 .6749 .6472 .646
________ ec._1.L _ __ _



ACCFLYRATI0~4 in YAWI
: £''

- 759 lb.
; ' -- ,- - 7> lb.

-Xrr Xrrr - 1r, t.-

yrtr" * 137 ft.

TFYa= 750 lb.

TRT Iz -27,007,000 al.ft. 2

T XTR XTR - 59 ft.,

DlSIIGN NO. A-184/.85

y - 60 Degree-

C 0 jT Tr +- 2 T 575,778 ft.lb.
IlL rt & (rrYmx

Volocity (v) kt. 0 15 25 35
Drag (D) lb. 0 5, 447 15,1t6 29,661
Aero.Yawing Momm. (Mztrl) ft.lb. 0 272,838 757,882 1,485,449

g, D oLin lb. 0 1,179 3,272 6,421

g2 " T rtr DFcoe. ft.lb. 0 186,559 517,723 1,015,889
if g" ? and TR a 2 (g, - Tymax)

Tg, m- T 61 and T * 0

Ty lb. 0 759 759 759

TRTI , lb. 0 840 5.026 11,324

g3 C1 -2 - 2 Xrfr TY1 ft.lb. 575,778 10,787 -814,325 -2,055,65:

-2 XTR TRr I 
___

MZ - •tl
m mx a 

ttrim rad.
Iz ec

93 +yr~ Tp X•
U Xtmax trin_

Iz

T (ib) TpX /Tz 2 total
XI& . r_ x o . " -

428 -C30 .0235 -. 0075 .0560 -. 1239

1,785 .125 rod. .0304 -. 0006 -. 0492 -. 1221
_________ ____ - D ec.2

7,140 .500 ra.075 .0265 -. 0220 -,0949

14,280 ,000 rd. ,0938 ,0627 ,0142 0587

-22

!'. [a e- -° "2



AC' ,~R.T~(P IN' YV,[

- 2,>~lb.

--- 2,; lb.

Wxrt, Y tr rtir

y rt 11,? ft.
7 1 5') lb.

Ix I- 29.,¶1 ,JO.C)o II.!t. 2

f ~R-~ f t'

-0Degreoa

C, 2rtr 2 \XrtI T ~ ~ TR -'

Velocity (y) -Tkt. 0__ I5 25 35
Tyrag (D) 0 lb-___ 5. ý24 15,328---30,077

Aero.hwin 1 t~ 0 4 272,833 1757.882 1,455.41,9

_71n 1,195 _

92  Y rtr ftlb 0 189,19?t 2,9'4 -

if g, Ty T an,, T 2 (g - Ty

S1 < Ty T and T w0Y TR

0 .yl .01. 1 ,496

93 C1  V 2 -
2 Xr-t TY ft.lb. 1,862.346 1,233-359 18,8 i0 7 Le

ra Il-I trlm rtad.z 2

C3 
4 rtr p z

(ib) C LZtai r

?',O>0 rI _

15631,000- .D069321

.1 5 09 9 61 0 .'

?f".. oo)



AOCCHURATION IN XAW

Ty 10,470 lb.

T 10nx i,470 lb.

XZrtr Yrtr rtr - 8 ft

Yrtr - 137 ft.

T 750 lb.

TX R TpIz a 69,575,o00 al.ft.2

TyXTR w 59 ft.'

DESIGN P:O. A-184/.291

y " 60 Degrees

& *ZYr Tz + 2(r T~ + X T 6,810,24o ft.lb.
rtr cx (Itr Y&X T RY

D LVeloc ity ( _) kt. 0 15 25 35l D b. 0 3,89o.1 16.345 32,074
Aero.Yawing Xoa.(MZtrfi) ft.lb. 0 272,838 757,882 1. 485,449
g l D sinW lb. 0 1,275 3,538 6,944

Sz2 Tr* D Cos W 0 201,732 559,816 1,098,534
If gt > Ty T1 T(and T a g)

gl'•" a nd T - 0g- Tymax TYI X RyI

lb. 0 1,275 3,538 J 6,944

T lb. 0 0 0 0

g3 c 1  T ft.lb. 6,810,240 6,139,308 4,948,440 3,1o,314

-2 = t

r - max trim rad.
Iz 89c.2

g3 + Yrtr TP -+Z
XMBx trML

- (1b) Tp aX /Tz 'rt
.Xax max total

5,910 .030 rnd. .1095 .0960 .0719 .0357

S.146. . . .1087 .0725

98,520 .5uc n2919 278 3 .2542.. ..

___,__ 1.000 ____3481



*'~~~7F -*'*ý; 7*.- ~ ~ ~ 7~ -7 -

-rt -'r t* ri L
- -- ~ -1 63 ft.

D- rta.. -

Tx pX
I zp - 17, 6 45. C 10

Tya 5 f t.

P .7P

Y *

vou~f()kt. 0 :1:5ý 25 35

~Aero.Y~i..10ý, Vom. (""'z ~ i. 0 00

F' l.b. 0 1 D'2. .13 - b110

flr f2i~t. lb. 0 0 C

If 0I -a 2 ( 1 -l

T dTR 2 (g, T

Ty lb. 0 759 759-1f 75?

T_____ 1-- ~ b. o 1,460 6,748 f 1702

r3 1 " rtr Ty ft~lb. 3 ,'0,02 2-40, 334 18~7,4)5" 107.914

-2 Y.L P T i

Yi itr ý1,

-rnr

A . 5- / r

ov,-



AC--1ZRATXGION IX AW

Txmax 2,763 lb.

TRYmax 750 lb.

SIz - U18,523,000 hl.ft."Yrr 0 6 ft.
T T y T •R-yj a - 75.0

NDSIGCI NO. C-76/.609

a 90 Degrees•

0 Z1 rtr T• * 2(Xyt. T . 1TR Ry T " 1.328,214 ft.lb.
max

Velocity (V) kt. 0 15 25 35

Da (D_) l.b., 16,76 32,539

Aero.Yawin.. Vokm. ("z~rlm) ft.lb. 0 0 0 0

D A n lb. 0 1,512 4.196 8,234

9 Tr tr D ct.b. 0 0 0 0

If 1. Ty and TR2 (g T
g- T "lax, T1 T1max T Tax

T y lb. 0 1,512 2,763 2,763

" "-.R-1 lb. 0 0 2,866 10,942

g3 ft.lb. 1,328,214 1,098,390 879.578 798,818

-2 XTR T Ry
z z

r x trim rad.
1 2

-g 3 + yrtr Tp -mz

T (lb) TP /Tz -
ax Ztotal' XURliX Poa

S•"I Iral. 205 .0730 .0612 .c569-

1.560 .030 r0854

6,500.125 rad.,')-• , ,"e c .i I , 0 0" "-5 i a ", 1 2 3 9 L. 1 1 6 5 . 1 0 4 7 ,. ! 0 0, -'

r 2600 _500 r..3005 .283 .2763 .2719-

52,000 ml.-• .529 .5169 .50a51 5007



A, C'JC2&LECJN I N YA W

Tym -. 10,1'0 lb. I
tr- y x rtr - 76 ft

T ... a 163 ft.

T.4 a 750 lb.
R 1 -41,236.000 gl.ft. 2

Ty' "TR " 5 ft.

L2_'tIG NO. C-76/.291

Y 90 De00 ree

1 2 Tx 42 T TR 5,012,160 ft.lb.

Velocity (V) kt. 0 15 25 35

_.____ag (D) __ lb. 0 6,409 18,007 3)5)35

Aoro.Yswlng oMm. (XZtKt) tt.lb. 0 0 0 0

g, D min WL lb. 0 1,622 4,501 8,833

6T b. 0 0 0 0

if g, Ty M" T yMX a TRY, 2 (g, -Ty L)

g - - ,6nd T . ,

T b 1.622 4.501 18.833
Tlb. 0 0 0 0

g 2  2 l T y ft.lb. 5,012,160 4.765.616 4.328,008 3,669, 514

mnx z~trim ad

9 3 Trtr T 1, -)A

__ (lb _ _r "I. _rz

2.910 0_0_1-4'?___ 35

24 6,j.125 - 22i,<'2'

TI - ; .

IzIro . .. ... t--o

197,910 2 ' '," 9 .02838 .ra

____ ,_______-__.____________,___ J .



* 759 lb.

759 lb.

YWt a 154* ft.

Ty - 750 .1b.

T, K Tpx j1f.kTRy XTR 21,567.000 lr.
Ty TR TR32 ft.,

L2I,1GN NO. T,-l V8
y. I~ereaa

c1  ZrY TjýMX 2~X~ T ~~) 429,112 ft-lb.

Velocity (Y) kt. ______ 15 25 35 A

Aero.Yawing Yom.( tr r-t.ib. 0 0 0 0

g w D i )lb. 0 1,541 4.276 ý,390

D2T t coo j ft.lb. 0 0 00
92 X. r I L' I 'a1  Ty

if1 T4 I T 1 and 1R y 4g -T
91 T Mx T y1 9 n

Tylb. 0 759 759 5

Tlb. 0 1.564 7,034 {15.262

9 2 -
2Xr T~ ft.lb. 479.112 181,676 -1681,4,4 -594.996

-2 X TR

z M fL trmrni

93*Y tr T m md.

XM( X IX toLU:JI

418 .030 rwul. oCl -. 24

I V15 .125 1rid . .0350 OeI12 0'9 -o4

7,140 .5()0 -. 73 .01 .0,32 .0234I~ ~~~~E C_______ jC2

.?4



T 2.7(3 lb.

Y ~rrxr 130 f.
Trr154+ ft.'V T ~ X 75D lb.

Ty T 4  
T l'X1 23,298.000 ae..ft. 2

TyaR T 32 ft.'

P ~~NO. T1 - 1 0n/ o)0

4)oet (V kD.r0 35

rray (D) lb.__ __ 0_~ i i 6.i9, ~ 17449 33.729

A~ro.Yawing Moo.(MZtri) tft .1 0 0

91 DsnWlb. 0 154 4.29? 8,432

92  Yrtx' D Cos ft.lb. f 0 000

if g,?T -T y-M and TR y 2 (g, -Ty Ma

Tl,00 3,068 11-3)8

g 3  I E r p ttrLY

-2b XTt /T'y

tri rud..

X Rx toti L04,

0)o vd 7 C7 5 .005 0177le.. . 7

6.o1 .12 rd. 0 1
6,50 .25 ec 2.1121, .c 51 0 .0504

20,000 5nl. .I1- 2413 . .0 I .2020 1.1753

*RIF

-125-



-~-1 . .. ...... . .. . .. ......

AýCM R5ATIQM.. IN YAW

_YZ TXMMX - 10,470 lb.

c_ - -Tyrax u 10,470 lb.

_rXr .tr Xrtr - 130 ,'.
4-t 154 ft.: 750 lb.

TX - 52,688,000 gl.ft. 2

TR XTR u 32 ft.,

DioxN NO. B-13o/.291

4) 90 Degrees

al 2 ~rtr Timax 2(yrt. Ty r *a + 5. T994,960 ft.lb.

Velocity (Y) kt. 0 15 25 35
"Drag (D) lb. 0 6,696 18,580 36.458.
Aero.Yavin•g Kom. (kZta) Pt. b. 0 0 0 o0

l nlb. 0 1.674 4.645 9,114

D co W ft.lb. 0 0 0 092 .. . .

'f " and TR 2 (g 1 TyIf {I> xm., T1 Tmax TRI Tax

and T 0
g, T YM L, T y 1 R Y I

. lb. 0 1,674 " 4,645 9,114

TRy l lb. 0 0 0 0

g3 " -l 92 " Zrtr Tit ft.lb. 5.994,960 5,559,720 4,787,260 3,625,320

-- IT 
'TR_-

* mz -mz

rT, -Mi
g3 4 rtr P ~z

. i • ' (ib) T ", /Tz' t. .
Xax Xnaxtoa ____________--____

5.910 .030 rOd. .1311 .1223 .lOdl .0861

""24,60 .125 -f .1857 .1774 .1628 .1407

98,520 .500 r-cad. .4017 .3935 .3788 .3568

;-197,040 I,. O 3 .6 576814.664 7.66-?6.6 44 7

'1 6



~~Tik ax. r 759 l.

T -'yr~ 7 75') lb.

XX,- rrrtr a 0
A- YI ft-ta 

750 
lb.

max

t RY X lz 27,t007, 000 l.f t.0TY TI ft

~ fl~~J.. b. 1,593 4l.2 867

Y• , 90 Degreem

aI a 2 rtr T Ym" X 2 rT 575, 778 ft. 0 0

maxvelocity ,y) kt. 0 25 3, 5 ,

DraZ_(Dd 0 6,) _-_, 17,6,7 34,707Aero.YaingYo,.(Ilt i )_ ft .lb. 0 o o 0 o.

g, ) sin lb. 0 17593 4,421 8,676

92 DC f t.6lb. 0 0 0 0

m 

I

-- re r• T I ra .1

+rI rtr T-z trim 4r
.ojo .0.3o 7059 75019 - 75o io

(l )I -Cjo IT,.,

TP .• o1 L,6 
.2 58

J129 01 0 .2 .009 -.018 •'

- T015) .01 s '2

7,•0Vi .500 .o 5 1 .0399

-. 093. .0142

* .i -1Ž7-

. '.-127-~



"ACCIPLnATION I-I YAW

- 2.763 lb.

Ty.,x 2,763- lb.

z'rtr ~ rtr Xrtr - 18 t
-~~ 

Trtr13

ITRY 750 lb.

R " Iz 29,940,000 gl.ft. 2

TRyR 59 ft*,

L-.IGN NO. A-184/.609

y - 90 Degrees

max

Velocity (V) kt. 0 15 25 35
Drag (D) lb. 0 6,466 17,942 35.206
Aero.Yawing mo. (OZtrif) ft.lb. 0 0 0 0

l"D sin W 1b. 0 1,616 4.485 8,801

g2 " T rtr Dý Io L ft.lb, 0 0 0 0
If g _ > T_ T T1 and TR -2( 1 -TY)ax

g, Ty TM-X, TY " l and T 0 0

Tlb. 0 1.616 2,763 2,763

lb. 0 0 3,444 12.076

93 - g2 9 2rtr TY, ft.lb. 1,862,346 1.267.658 439.170 -579.406

-
2  RT

R~ T_ _ _ _ _ _ _ _ _ _ _

Mz - z
max " trim rd.

() b Yrtr X.nax -m

Xna (1b TPX j'ax/TZ total

1,560 /030tota -rad. .069) .0495 .0218 -. 0122

6,500 .125 .td. .0919 .0721 .0444 .0103

26.000 •.500 1d------,2 .1812 .1613 .1336 .0996

52,000 1.000 d .3001 .2802 .2526 .2186

-128-



- 10,1,70 lb.
- - r

"". - . 10, 470 lb.

iJtr r Xrtr iC 4 ft

Yrtr 137 ft.

TX ' I T1. X*z 69,575.000 Sl.ft.2

t TRft

Velocity (v) kt. 0 15 25 35
___ D _ _) lb. 0 6,901 19, 50

-2 Ynrtr D cos m ft.lb. 0 0 0

If gl _• I~= '. an~d TR 1 - 2 (g - T a ).. . . ..T- raz. 1Y Ti max

1 and TD i 0

4 lb. 1 0 1,725 4.537 9,394
Y D

T lb. 0 0 0 0

9 3  cl "2 -
2 X rt T T ft.lb. 6,810,240 6,175.440 5,140,624 3.353,249

M&. z ta zrin tad.

- z
_ _

g3 rtr -v
- -r trim"Z_ 

_ _ _

-. "A X x "tot.1 I

5,910 .0)0 .1095 14 .0855 .059"

-,.754,600 .1: -63 .1372 .1223 • -6

98,520 .500 .r9d. .2679 2422.500 t ------ • ' .2.919 2i " 6/92 2

ec I
100 ,A. .49w 9

.____ oo. _ _ _ _ '__129
.': I-129-

. I
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AC9ALZRATIO M Yh YAW

M TXmqu - 759 lb.

vTyma 759 lb.

~f Xrt--. rtrX 76 ft
4--- a 163 ft.

TRtym - 750 2b.

T -t I 17.645.000 gl3.t.2
S " it.'

DMIGN NO. C-76/.85-609

4' a 0 Degrees

C1 a 2y rtr T + 2(ýt Ty. * 1 R TR1 r '~ 370,302 ft.lb.

Velocity (v) kt. 0 15 25 35
Dra (0) lb. 0 866 2 402 4 ,71
A.ro.Yawin, Mon. (Mzt,,,) ft.lb. 0 0 0 0
g, P lb. 0 0 0 0

D coor V ft.lb. 0 70,579 195,763 384.109
-2 .1r -

if g, Ty Ty Iri a T(g-
1 0

" and T - 2(g -
amax,

gl Ty T and T a 0

TL lb. 0 0 0 0

T Lb. 0 0 0 0

g3 2 " 2 Xrtr Ty? ft.lb. 370,302 299.723 174,539 -13,807

-2 T

max trim d

sec.1'56 09 .0 35 ._ ,0314 .0243 .0136,9 + T i. "

t6. 500 .455 ____ .0810 ,?77o .o699.o9

I rt r 

-- i[ ,,

k52,000O 3,641 .. .5013 j .,497j .4.903 .4 76

* - -130--
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ACjLERALL0N I'ý XAW

-TX, - 759 lb.

TyM1  0 759 lb.
yt xr~ a 76 f t.

y 163 ft.Thy - 750 lb.

Tp1a a 1b
Ty RIZ - 17.645,00 sl.f0. 2

XXR a 5 ft.

D=IGN HO. C-76/.55-.609

y - 30 Degrees

r Cl " rt. Tr a * 2(xry TT, * X T )- 370.302 ft.lb.

Slax
Velocity (V) kt. 0 15 25 35
Drg (O) lb. 0 2.582 7,166 14. 061

Aer-o.Ythwin~g V-OrD-(XZtrjm) fttlb. 0 272.838 757,882 1, 4 85,449

4 1b. 0 322 895 1,757

r2 Yrtr fIb. 0 182,240 505,783 992,440

If gr -I and T 2 ( TyU)

91 -T max, T I a and T Ry 0 -

Tb, 0 322 759 759y I

Tlb. 0 0 272 1.996

g3 Cl~ " -2 " t TY1 ft.Ib, 370,302 139,118 -253,569 -757,466

M-

zM * trhn rad.1 sec.2
•- •~3 +Yrtr Tp -Mrm

I~lL•I X max tri

',i!1,56o log see-, .OL40 .oo68-vi• -04Z91 -.112

6, 500 .455 - .08103 U0247 .002723 -. 06707

26,ooo ' 1.21 .0•.6 2 .U26 .18 .1-41

::; 5 . oc3.641 5• • 2 .42 35



ACCILERATIO" IP TAW

UI Txmax 759 lb.

v 4 T 759 lb.

-Xtl rtr Xrtr * 76

TYrtr - 16

T~ma a 750 lb.Tx
T Iz - 17,645,000 ul.ft. 2

DEIGN NO. C-76/.8.5-.609

y 45 Dogpe..
, - 2Yr j * (tr T?. + XT TRY ) 370.302 ft.lb.

max

Velocity (V) kt. 0 15 25 35
Drag (D) lb. 4,030 11,194

r Aero.Yawing . ()Ztrjm) ft.lb. 315,050 875,138

gl D eln w lb. 712.41 1978.8

92 • rtr D ft-.lb. 232,246 645,101

if and TR 1 2 (91 - Ty
- , T1 Tyrou max

91 < T rmaX TT1 = 1 and TR 0

lb. 712.41 759

b. 0 2,440

3* at 12 - 2Xrtr Ty, ft.lb, 29769.7 -.414,567

M " rtrim ad.

z See.

3 ~rtr p ~Zti

( b) Tp -Zuax Xmax to tal

rad.
r~ill

428 .030 - .0122 - .0691 l ___

rad.1,785 .125 se. ,0003216 -. 0566
rad.

""1,560 .109 seo, -. 001 57__ - 6

6,500 .455 -12 . .04388 -,01305
"- :; -132-



ACCRI&RATION IN YAW

TX, 759 lb.

-ro - 759 lb.

" a 163 ft.

T 750 lb.

SXr Iý - 17.645,000 al.ft. 2

Ty TR u 5 ft.

DESIGN NO. C-76/.85-.609

W 60 Degreeg

C, w 2Y •tr * 2(Xrtr T Y X TR TP• )u 370,302 ftlb.

Velocity (V) kt. 0 15 25 35
Dra4g (D) lb. 0 _3,107 14.172 2?,810

Aerc.Yawing Yom. (Ztrjt) ft.lb. 0 272,838 p57,882 1,485,469

g, D sin-) lb. 0 1,105 3,068 6,021

92 Yrtr D eoa W ft.lb. 0 208,110 577,509 1,133,257

-1  Tr T.1, and TR 2 (g-Tym

gl Ty T and T * 0-- M&X, TY f -fI

T lb. 0 759 759 759

lb. 0 692 4,618 10,524

9 3 1 - g 2 - 2Xrtr T ft.lb. 370,302 39,604 -368,755 -983,563

-2 XTR TRT 
_ _ _ _ _ _ _

-M=

- Zmax " trin rsd.IZ sec.2

g + Tp T z
3 rtr P zxtrim

TP (lb) Tp r•n I Xm x xmax Tz totnI
r z " rad.

1,560 .109 . 08340 .001193 -.o24904 -. 1275

6,500 .455 d. I.04683 -.00.

rod,
S.,D26,000 1.821 .2612 .2270 ' .1763 ,1003 1.

52,,000 3.641 .5013 .4671 .4165 .34o4

-133-



AGGCUM&II011 IF XAw

NZTa 759 lb.

TymaX 759 lb.

y Yrtr Xrtr 76 ft.

~rtr 6
"T ","?50 lb.

•RI, lz 6Z 17,645.000 ml.tt. 2

TYXR a 5 ft.
BUIGN NwO. C-76/,85-.609

al Z2 rtr TjaX 4 2 ( Xrtr Ta" + TRTy 370,302 f t. lb.

Velocity (v) kt, 0 15 25 35
, ag (D) lb. 0 5,958 16,532 32,440
Aero.Yawing Mom.(XZtriin) ft.lb. 0 0 0 0

-l 0 L lb. 0 1,4409 4,133 8.110

92 ";rt D Cos V ft$lb. 'O 0 0 0

If 6[1 2 Tm and TR y 2 Ty - Ymax .

Li !5 T nnd T " 0

;Ty1 lb. 0 759 759 759

T lb. 0 1,460 6,746 , 14.702

3 ' - 2 - Xrtr Ty ft.lb. 370,302 24-0,334 187,.44 1•07,914
-2 x.e RT.

'Zma-x trim rad.

9 4y T -M
3 rtr p -

I Iz

T (lb) Tp.,~ ~ %R •=F= () x /totali-.

rad.

1.560 .109 s .o3540 .o280o• .02503 .02053
• f .rad. .

= 6,100 e l sec. .0m1 03 .07)67 .07067 .06616

26,000 21.823. @a .2612 01538 .2508 .21461
:•1 ~r d. -

L .2, CO•c 3.6,1 .S90 .491c) .4865
~- 13 • -



ACCELZj1ATxIrM IN YAW

NZ TXM.L 759 lb.

""Ty, - 759 lb.

wrý Yrt Xrt 130 ft.

Yrt 154 ft.

m750 lb.

7 i- y Ct m Rxr IZ - 21.567,000 sl.ft. 2

XTR a 32 ft.

DEIGN NO. B0130/.85- .609

y a 0 Degrees

o0 2artr T&" * 2(Xrtr Ty.L. XTR Ty )B 479,112 ft.lb.

max

Velocity, (Y) kit. 0 15 25 3
D'rag(D) lb. 0 88? 2.461 4,830

Aaro.Yawin,& Yom. (Ztrim) ft.lb. 0 0 0 0

C " D sin W lb. 0 0 0 0

_ -TrI- ft.lb. 0 68,299 189.49? 371.910

If g• - Tymlx. Ty 0 m a

g, x" 1 and T Y1 0

'lb. 0 0 0 0

TR. lb. 0 0 0 0

93 el g2 - 2 Xrtr Ty, ft.lb. 479,112 410,813 289,615 107,202

-2 X~TR

MZoax - Ztrim rad.

63 * Yrrr " Ztrim
___________ Iz '___________________________

T (lb) TP_/

XUXmx total _____

"rad.
1,56u log__ .C09 -. 3335 .0)019 .02457 .01611

i . I r a d .

6,5oo .455 ___,_,e. ,o686) ,6o 6 .05984 .051j3

rad. "

52,000 3.641 .393. .3847 ,3763 _

-135-



ACCELERATION IN YAW

TX * a 759 lb.

TYM& a 759 lb.

rtr rtr 130 ft.
Yrtr a 154 ft.

- i.TRyMIL a 750 lb.
y U 21,567.000 8l.f .2

Ty XR 1TR 32 ft.'

ISXCN NO. B-130/.85-.609

Y * 30 Degrees

ao - trt•.,: + 2(x21 'rz * x• T• ) 4 479.112 ft.lb.

velocity (V) kt. 0 15 25 35
Drag (D) lb. 0 2,636 7,314 14_352
Aero.Yawin4 M. (NZt~rq) ft.lb. 0 272,838 757.882 1.485.4-49

g, D sin W lb. 0 329 914 1,794

92 Yrtr ft.lb. 0 175,778 487,726 957,048

If TiŽT y, TT and 2(g, - Ty

gD 1 T XTy as , Ty " 1  and T P 1 - 0

lb. 0 329 759 759Ty _______ ________

T lY•.b. 0 0 310 2,070

95 9j -2 - 2Xrtr Ty ft.lb. 479,112 217,794 -225,794 -807.756

-2 
50 

T

Smz~ax " ztrim rad.

UM. trim
Iz e.

_-(lb) T P /T(

Xmax TxMax z to tl

1,560 ,109 _ _. .o03D5 .08587 -. 03447 -. 09519

rad.
ý6,0oo .455 See .06863 .0.4386 .0008032 -. 6627

-L .26 .0001 1.821 1ee. .2079 .1831 4 .,07932--

"52,000 3.641 los .3935 .3,688 .)257 -. 26_,0o

-136-



ACCRL'RAIOM IN YAW

iz T -x " 759 lb.

T a 759 lb.

yx x a 130 It.~
W Xrtr" rrt f

-y wrr 154 ft.

TRY L 750 1b.

TX 21,547.000 sl.ft. 2

t T,, z2,%..0
TTR XTR 32 ft.

DIIGN NO. B-130/.85-.609

y a 45 Degrees

c1 - ZYrtr T:a= + 2(Xrtr Tymax + XTR T R 479,112 ft.1b.

Velocit' (Y) kt. 0 15 25 35

Dra (D) lb. 4,100 11,389
Aero.Yawing MYo.(Mzt,,,) ft.ib. 315,050 875,138

- D sin-W lb. 724.78 2013.31I;- ---

2 •Yrtr D coo•V ft.lb. 223,234 620,099

i Ty T T and T 2 (g yIf l TMLZ, Y1 TYmAX IPT "TMaLx

g1 <'- Ty ML, TI - 1 tind T, R1 a 0

Tlb. 724.78 759

lb, 0 2.509

3 Cl - g 2 - 2Xrtr T y ft.lb. 67.435 -498,903

- 2 X ,i1 l 1 T ky •

- =

z max z trim iad.

z
seec 2

- ~ * Xrtr T ~trim

TP (1b) TP I
S ('L max z total

U •rad.
"1,428 .030 seec. - .0084 -. o607

.d.
____________________ BBC___ +______ -0013 -.0510 ____1,7(• .125 red. .o9 -oo

"1,560 .09 -. 0003 -. 0526

6. __"_6,___ .455 _ _ec, .03ý9 -. 0173

-137-
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ACCELERATION •N YAW

-TyOX 759 lb.

•-- '1rt 150 f t.

TR 750 lb.

!tR Iz 21.567.000 gX.ft. 2

T XTR XTR 32 ft.,

ADSIGN NO. B-130/.85-.609

YJ - 60 Degrees

01 - 2 rtr T&L x 2(Xrtr Tyo * x T ) 479,112 ft.lb.

Velocity (V) k_. 0 15 25 _5

_Miu (D) lb. 0 5.249 14,564 28,579

Aoro.Yawing Mom.(Nztr) ft.lb. 0 272,83.8 757.882 1,485,449

4l• • lb. 01,136 3.153 6,187

92 " Trt. D cov ft.lb. 0 202,086 560,714 .100,291

If an>d Ta 2d T(g 1- Ty)
____" y Ylax

g, Ty m T a and T 1 0

Ty lb. 0 759 759 759

T lb 0 754 4,788 10,8.56

g) el - "xrtr TY1 ft.1b. 479,112 31,430 -226,746 -615.098-

S~-2 XTR T

•.•Mzm - MZ
S,, trim rind.

9.- 3 + T rtr Tp -mz

'--• (lbC ) T p /
UI•LX Xma~x/TZtota1

1i'' ..56o l .og 590.2 .03335 -. oooos41 -. 03452 -. 0o86z6

i;6,5o0 .455 aI. .066f2_ .0)32 -0.00753 l -. 0510

. 26,000 1.821 1207,0 174 t1340 ,82

[•• , 2,00o 1.641 se. -3935 .2601 .37 ,79

'. ;4-i31



ACCZERATI0 M,114 A.

SM Z T x , ,,x 7 5 1) 1 b.

" A•---- -Tymc" 759 lb.

rtr rtr 130 ft.

.yr - 154 ft.

a 750 1b.

TJr Iz W 21,567,000 sl.ft.2

Ty "TR XTR - 32 ft.

DIMIGN NO. B-130./.85-.609

W s 90 Degrees

oa in2Yrtr Tjý ÷ 2(Xrtr TyL * XTR Ty )R 479,112 ft.1b.

mlax

Velocity (V) kt. 0 15 25 35
Dmg (D) 1b. 0 6,154 17,104 6

Aero.Yawing hVOm.(NZtrl,) ft.lb. o 0 0 0

g " " D lb. 0 1,541 4,276 6,390

92 Yrtr o ft.lb. 0 0 0 0

If g Ty Ty T and TP 2 2(g 1 - Tyy max T1 MAX

g, : Ty x Tl and T -0

T 1b. 0 759 759 759

Tl Rb. 0 1,564 7,o34 15,262

" 0T - 2 2 Xrtr TI ft.lb. 479,112 181,676 -168,404 -594•996

-2 XTR T R

z 2

max trim d

93+ y rtr T1 p M rmz
-xmax ti

_ _ _ IZ

T (1b) Tp /
%a u XmaxTz total

"rad.
____1,5_60 .l09 Sec. .0335 .01956 .003331 -. 01645

6,5oo .455 Sec. .o6863 .05434 .03861 .0188,3

26,000 1,821 aloe., ,2079 .1941 .1778 .1581

52,000 3.641 Onec._ . 39)5 ,3797 .3635 .3437

-139-
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AC91YOATIOTI 1K YAW

txmax 759 lb.

Tyma~x 75 1 b.

Xra rtr Xrt 184 ft.

Yrtr~ 137 ft.

Tmyx * 750 lb.

Tx ITpx z -27,007,000 al.at. 2
t,, 

XTR
TyR u 59 ft.,

DMIGH NO. A-18L4/.85- .609

*0 Degrees

01* 2yr~ T 2(xr~ Tys * T )- 575,778 ft.lb.

Y6looit7 (Y) kt. 0 15 25 35
______________lb. 0 898 2.493 4,9

iAsrc.Yawir4& Noi. (Xzt-ý,.) ft.lb. 0 0 0 0

g l1b. 0 0 00

92 Yt ft.lb. 0 61,513 170,770 335.102

If g, !>?X . y Tyma and T U 2 (g - Tyma)

g, !5T r.a 2  Ty I- 9 and -Y 0

Tl b. 0 0 0 0

T7 lb. 0 0 0 0

g3 'cl - 92 2xt TY ft.lb. 575.778 514,265 405,008 240,676

-2  XTR TRT

r 3 * *T

£3Y Xr&p ztrim

T (lb) T~ Ttti ___ ____

rad
1. 560 .l0g .02923 .02696 .02291 .01683

' I radi.
6,500 .455 640 2 .05429 .05201 .04797 .04188

26,000 1.821 Boo.__ .1532 .1509 .1469 .14o

52,000 3.641 191.1 .2851 .2828 .2788 .2727



ACýHLEAT•I•N IN YAW

T " 759 lb.

S759 lb.

IN r XA1/* 184 f t.

*rt 137 ft.
rr-4-m " T 750 lb.

TXTp 1 0 27.007,000 al.ft.2

Ty XR X~TR a 59 t

y - 30 Degrees

0 1 2Y rtr TzaLx * 2(Xrtr TYMu + XTR T )Y 575,778 ft.lb.

Velocity (V) Xt. 0 15 25 35
Drag (D_) lb. 0 2,705 7,505 14,726
Aero.Yawin& Mom.(fztr a) ft.lb. 0 272,838 757,882 1,485,449

91 lb. 0 338 938 1,840

2 " rtr D orftlb. 0 160,. 46U 445,. '17 7).,5t6
-- _ and R 2 (g 1 -l

if g, > TTMuX# TyI TX a n TRi. - Tymax

41 < Ty Ty l and T R 0

Tlb. 0 338 759 759

TRy lb. 0 0 358 2,162

93 ol - g2 -
2 Xr-tr TY1  ft.ib. 575,778 290,926 -190,995 -832,236

-2 XTR T R! _ _ _ _ _ _ _ _ _

M M

r In& trim rad.
nee.2

g3 * YrtrTp • r T

! '.{ - Tp (lb) "T ..."X (b)x Tmax AT2 total

rad.
1,560 .109 86___._ .02923 .008583 -.0272 -.07790

:-~~ :: ,00 .455 .c
6.50 0tc. .05430 .03364 -.00216 .05285

26,000 1.821 see. .1532 .1326 .09676 .04607
tad.

"52.000 3.641 Igoe. 2 1 .2851 .2645 .2286 .1780

- n S t Z i7-



ACC•IZ0RATIO IN YAW

S" 759 lb.

v ---[-- a 759 lb.

T rt-- y tr Xrtr a 184 t

y a 13? ft.

!rTRYI 750 1b.

T Cr tr TP I 27,007,000 81.ft 2

T r 59 ft.!

DEIGN NO. A-18I4/,5-,609

U) a 45 Degrees

a rt a ZY T 2(x~ T y X T )a 575,778 ft.lb.
max

Velocity (Y) kt. 0 15 25 35

L.rM (D) lb. " 4.30oo 11.944
Aero.Yawing Moa.(XZtr,,) ft.lb. 315,050 875.138

gt lb. 760.14 2.111.4

92 - Yrtr D ft.lb. 208,278 578.529

if g- and TRY 2 (g, - Tym )-f g TMax, TI Tsax,

g Ty.., a g, and T -0

Ty lb. 759 759

Tp 0 lb." 2.28 2,705

S23 Tal ft.-7r. 87,919 -601253

-2 XTR TR . __

T. -- 
m

r MX Ztrim rad.

"93 * Yrtr T0 
-'z0•56

T U (lb) TP Xma Atotal________________

rad.

428 .030 9-17 .2890 -.05250

1,785 .125 ______ .00064-48 -.o4.561

rind.
1,560 log sees -. 0004966 -. 04676•, .•.,•o .1,o ., .0245

__ __6,500 .4_55 . .02456 -. 02169

',



ACQýIZRATXO!M IN XAW

*Z T~ 759 lb.

v A Tym~ 739 lb.

W rt 184 ft.

Yrtr 137 ft.

jTRy *AX 750 1b.

TX T~R I -~ 27,007,000 m1.ft.2

TY TR a 59 ft.

DESIGN NO. A-184/.85- .609

y 60 Degrees

~Ia 2 'yrtr Tyrma + 2(x rt T~ *a x~ TR T )u 575.778 ft.lb.

Vt)ocioty (v) kt. 015 23 )

Dra~g (D) lb. -0 5,447/ 15.116 29.661

Aero.Yawin~g Mom(XZtri,) rt.lb. 0 272,836 757,882 1,485,449

g, D- sin W--b. 0 1,179 1,2?2 6.421

92 Yrtr D o ft.lb. 0 186,559 1517,723 1,1,8

riLi ? nd TR 2 (g - Ty )
If g, TyIAX, Ty 0i fAYU la

g, T a, T 9 arid Ty 0

ly b. 0 759___ 759 759_

lb.h 0 841) 5.026 11.324

93 cl 2 2xrtr T r ft.lb. 575.778 10,787 -814-325 -2,055.655

-2 XTR T~y

aMZ.& 1  - Mz trirm rind.

93 +, yrtr TP -HZj

TP (1b) TP ma/TZta]r

rad.

1,5,60 .l09 12c .02923 -.001790 -.0503 -13

6.soo .455 ______2 .05429 -02327 -. 02524 -.09815

26,000 1.821 sec .1782 .1222 .07368 .00077371

52,000 3.641 C 2___ .2851 .2541 .2056 .1327



Ii

ACU•LZATIO-P IN TAWA

Nr TaX a 759 lb. t

Ty, 759- lb. A

VXt Yrt Xrtr - 184 t4

y a 1.37 f~t.4~ ,, 750 lb.

Iz - 27,007.000 fl.ft. 2

DESIGN NO. A-184/.85-.609

a 90 Dogrmeeom
a ZY To * 2 XrT * X T 575,778 ft.lb.

rtr Tmaa ktr m

mfax

Velocity (v) kt. 0 15 25 35
1nra4 (D) lb. 0 6,37 17,637 34,707
Aera.Yawing Mo..(Xztj.) ft.lb. 0 0 0 0

D - lb. 1 0 1,5931 4,421 8,626 1

"Yrtr ft.lb. 0 0 0 0

If gl, T1 T.X. Ty T anda - Ty UX

g, T TYmu' Ty I a 91 and TRy I Q 0

lb. 0 759 759 759

T lb. 0 1,668 70324 15,834

U - - 24rtr Ty ft.lb. 575,778 99,642 -567,766 1.571.946

-2 LIRt T~

M ZM a Lx - NZ tr i d

S93 * Yr-tr Tp INz

I"I

.- (lb) TP X /T

rad.
S1,560 .109 cee. .02922 .01161 -. 01311 -. 05029

6"__,500 .455 _ .05429 .03666 .01195 -. 02523

026,000 1.821 1eo, .1532 356 .1109 .07369

52,000 3.641 ._ e .2851 .2675 .2428 .2056L - --,", 4 1 4 -
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